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(54) Photothennographic material 

(57) In a photothermographic material comprising 
an organic silver salt, a silver halide, and a reducing 
agent, a specific hydrazine derivative is contained as a 
nucleating agent. The material has high sensifivity, high 
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Description 

BACKGROUND OF THE INVENTION 

5 This invention relates to a photothermographic niateria! and more particularly, to a photothernfiographic material 

suited for the manufacture of printing plates. 

Nowadays, it is strongly desired in the printing art from the standpoints of environmental protection and space sav- 
ing to reduce the amount of waste solution used in the processing of conventional photographic photosensitive materi- 
als. There is a need for the technology relating to photothermographic photosensitive material for graphic printing 

10 application which can be effectively exposed by means of a laser image setter and form a clear black image having high 
resolution and sharpness. The photothermographic photosensitive material can provide the customer with a thermo- 
graphic process system which eliminates a need for solution System processing chemicals and is thus more simple and 
environment friendly. 

Photothermographic materials which are processed by a photothermographic process to form photographic 
15 images are disclosed, for example, in USP 3.152,904 and 3,457,075, D. Morgan and B. Shely, "Thermally Processed 
Silver Systems" in "Imaging Processes and Materials," Neblette, 8th Ed., Sturge, V Walworth and A. Shepp Ed., page 
2. 1969. 

These photothermographic materials generally contain a reducible silver source (e.g., organic silver salt), a cata- 
lytic amount of a photocatalyst (e.g. , silver halide), a toner for controlling the tonality of silver, and a reducing agent, typ- 

20 ically dispersed in a binder matrix. Photothermographic materials are stable at room temperature. When they are 
heated at an elevated temperature (e.g.. 80'*C or higher) after exposure, redox reaction takes place between the reduc- 
ible silver source (functioning as an oxidizing agent) and the developing agent to form silver. This redox reaction is pro- 
moted by the catalysis of a latent image produced by exposure. Silver formed by reaction of the organic silver salt in 
exposed regions provides black images in contrast to unexposed regions, forming an image. 

25 Such photothermographic materials have been used as microphotographic and medical photosensitive materials. 
However, only a few have been used as a graphic printing photosensitive material because the image quality is poor for 
the printing purpose as demonstrated by low maximum density (Dmax) and soft gradation. 

With the recent ^vance of lasers and light-emitting diodes, scanners and image setters having an oscillation wave- 
length of 600 to 800 nm find widespread use. There is a strong desire to have a high contrast photosensitive material 

30 which has so high sensitivity and Dmax that it may comply with such output devices. A demand for a simple dry process 
is also increasing. 

USP 3.667.958 describes that a photothermographic material comprising a pdyhydroxybenzene combined with a 
hydroxylamine. reductone or hydrazine has high image quality discrimination and resolving power. It was found that this 
combination of reducing agents is likely to increase fog. USP 5,496,695 discloses a photothermographic material com- 

35 prising an organic silver salt, a silver halide. a hindered phenol and a certain hydrazine derivative. Undesirably, these 
hydrazine derivatives fail to provide a fully satisfactory maximum ultimate density or ultrahigh contrast and allow black 
pepper to generate, resulting in poor image quality. 

A photothernfiographic material having high Dmax and high contrast can be obtained by adding a hydrazine deriv- 
ative to a photosensitive material as disclosed in Japanese Patent Application No. 228627/1995. This photothermo- 

40 graphic material has somewhat high Dmax and ultrahigh contrast, but allows black pepper to generate at dot edges, 
exacerisating image quality. 

SUMMARY OF THE INVENTION 

45 Therefore, a first object of the present invention is to provide a novel and improved photothermographic material 
having high sensitivity, high Dmax, ultrahigh contrast and improved image quality. 

A second object of the present invention is to provide a novel and improved printing plate-forming photosensitive 
material producing an image of quality and processable on a fully dry basis without a need for wet process. 

According to the present invention, there is provided a photothermographic material comprising an organic silver 
so salt, a silver halide. a reducing agent, and at least one member selected from hydrazine derivatives of the following gen- 
eral formulae (I) to (VIII). 

A first class of hydrazine derivatives are of the general formula (I): 

55 R^-G^-N N-R^ 
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wherein is an alipliatic group. 

is selected from, the group consisting of -COCO-. -SO2-. -SO-, -P(=0)(-R^)-. thiocarbonyl and iminomethyl- 
ene group. 

is selected from the group consisting of an alkyl. aryl. heterocyclic, alkoxy, aryloxy, amino, aikylamino. 
5 arylamino. heterocyclic amino, and hydrazine group, with the proviso that R^ is not an unsubstituted arylamino group 
where is a thiocarbonyl group, 

and are both hydrogen atoms, or one of A"* and A^ Is a hydrogen atom and the other Is a substituted or 
unsubstituted alkylsulfonyl, arylsulfonyl or acyl group, and 

R^ is a group selected from the same range as defined for R^ and may be identical with or different from r\ 
10 A second class of hydrazine derivatives are of the general formula (II) : 

A" a"0 ... (II) 



15 



20 wherein R^^ and R^^ are Independently selected from the group consisting of an alkyl. alkenyl, alkynyl. aryl and hete- 
rocyclic group, 

X^"" is selected from the group consisting of a hydrogen atom, alkyl, alkenyl, alkynyl, acyl, oxycarbonyl, car- 
t>amoyl, heterocyclic, cyano. a group having a bonding oxygen atom, a group having a bonding nitrogen atom, and a 
group having a tx>ndlng sulfur atom, 
25 R^ ^ is selected from the group consisting of a hydrogen atom, alkyl, aryl. heterocyclic, alkoxy, aryloxy, amino and 

hydrazine group, and 

A^ ^ and A^2 ^re both hydrogen atoms, or one of A^ ^ and A^^ jg ^ hydrogen atom and the other is an alkylsulfonyl, 
arylsulfonyl or acyl group. 

A third class of hydrazine derivatives are of the general formula (Itl): 



30 



„31 „ „ „32 

R -N ^N-R 

II (Ill) 

A A 



wherein R^^ Is an aliphatic group, 

R^^ is an alkyl, aryl or heterocyclic group having at least one electron attractive or donative group. 
40 A^^ and A^^ are both hydrogen atoms, or one of A^"* and A^ Is a hydrogen atom and the other is a substituted 

or unsubstituted alkylsulfonyl. arylsulfonyl or acyl group; 

A fourth class of hydrazine derivatives are of the general formula (IV): 



45 



A^o-NHNH-R^ (IV) 



wherein A'*^ Is a heterocyclic group having at least one sulfur or oxygen atom, and 

r40 is selected from the group consisting of a formyl. substituted or unsubstituted acyl, sulfbnyl, cart>amoyl, sul- 
famoyl. alkoxycarbonyl, thioacyl, and -(C=0)-(C=0)-X^ group wherein is -NR^^R^^ ^ ,QpA3 therein R^\ R'^^ 
R^^ are independently selected from the group consisting of a hydrogen atom, substituted or unsubstituted alkyl, aryl 
50 and heterocyclic group, or R"^^ and R^^, taken together, may form a ring with the nitrogen atom, 
A fifth class of hydrazine derivatives are of the general formula (V): 

... (V) 

R^J— C=C— NHNH— 



wherein R^^ is a monovalent organic group, 
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each of R®^ and is a hydrogen atom, halogen atom or substituted or unsubstituted alkyi group, 
R^ is selected from the group consisting of a formyl, substituted or unsubstituted acyl, sulfonyl, carbamoyl, sul- 
famoyl, alkoxycarbonyl, thioacyl. and -(C=0)-(C=0)-X'^ group wherein is -NR'^^ R^^ -OR^ wherein R'*^ and 
R^3 are independently selected from the group consisting of a hydrogen atom, substituted or unsubstituted alkyi, aryl 
5 and heterocyclic group, or R'^"^ and R**^, taken together, may form a ring with the nitrogen atom, 
A six class consists of polymers having a structural moiety of the general formula (VI): 



. . . (VI) 

10 -R^^-C=C-NHNH-R®'^ 

^62^63 



wherein R®'' is a divalent organic group. 

15 each of R^^ and R^^ is a hydrogen atom, halogen atom or substituted or unsubstituted alkyi group, 

R^^ is selected from the group consisting of a formyl, substituted or unsubstituted acyl, sulfonyl. carbamoyl, sul- 
famoyl, alkoxycarbonyl, thioacyl. and -(C=0)-(C=0)-X'^ group wherein X^ is -NR"^^ R'^^ -OR^^ wherein R"^^ . R^^ gnd 
R^^ are independently selected from the group consisting of a hydrogen atom, substituted or unsubstituted alkyi, aryl 
and heterocyclic group, or R^** and R"*^. taken together, may form a ring with the nitrogen atom; 

20 A seventh class consists of polymers having a structural moiety of the general formula (VII): 



25 



(VII) 



wherein R^^ Is selected from the group consisting of a hydrogen atom, formyl, substituted or unsubstituted acyl. sulfo- 
30 nyl, carbamoyl, sulfamoyl. alkoxycarbonyl, thioacyl. and -(C=0)-(C=0)-X^ group wherein X^ is -NR'*''R'*2 or -OR^ 
wherein and R^ are independently selected from the group consisting of a hydrogen atom, substituted or 

unsubstituted alkyi, aryl and heterocyclic group, or R^^ and R"*^. taken together, may form a ring with the nitrogen atom. 

R^^ is selected from the group consisting of a hydrogen atom, substituted or unsubstituted acyl, sulfonyl, car- 
bamoyl, sul^moyl, and alkoxycarbonyl group. 
35 R^^ is a divalent organic group. 

X^^ is a phenyl group or pyridine ring, and 
letter m is an integer of 0 to 6; and 
An eighth class of hydrazine derivatives are of the general formula (VIII): 



40 



45 



R'^— NHN^ 

V 

O 



^ ... (VIII) 



wherein R®** is an aromatic group. A^"* Is a substituted or unsubstituted aromatic ring, and the carbon atoms of the two 
50 carbonyl groups are attached to different atoms of the aromatic ring. 

In one preferred embodiment, the photothermographic material has a gradient y of more than 5 after heat develop- 
ment. 



DETAILED DESCRIPTION OF THE INVENTION 

55 

Hydrazine derivative 



The photothermographic material according to the invention uses a hydrazine derivative which is at least one mem- 
bers selected from compounds of the general fonnulae (I) to (VMt). 
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Described first is the general formula (I): 





5 



"i la 
A A 



(I) 



wherein is an aliphatic group. G"* is -COCO-. -SO2-, -SO-. -P(=0)(-R^)-. thiocarbonyl or Iminomethylene group, 

10 is an alkyi, aryl. heterocyclic, alkoxy. aryloxy, amino, alkylamino. arylamino. heterocyclic amino or hydrazine group, with 
the proviso that is not an unsubstituted arylamino group where is a thiocartxjnyl group, and are both hydro- 
gen atoms, or one of A"" and is a hydrogen atom and the other is a substituted or unsubstituted alkylsulfonyl, substi- 
tuted or unsubstituted arylsulfonyl or substituted or unsubstituted acyl group, and R^ is a group selected from the same 
range as defined for R** and may be identical with or different from R** . 

IS The aliphatic group represented by R^ in formula (I) includes, for example, substituted or unsubstituted, linear, 
branched or cyclic alkyi, alkenyl and alkynyl groups having 1 to 30 carbon atoms. 

Where these groups have a substituent, exemplary substituents include an alkyi group, alkenyl group, alkynyl 
group, aryl group, heterocyclic group, quaternized nitrogen atom-bearing heterocyclic group (e.g.. pyridinio). hydroxy 
group, alkoxy group (inclusive of groups containing recurring ethyleneoxy or propyleneoxy units), aryloxy group, acyloxy 

20 group, acyl group, alkoxycarbonyl group, aryloxycarbonyl group, carbamoyl group, urethane group, carboxyl group, 
imide group, amino group, carbonamide group, sulfonamide group, ureido group, thioureido group, sulfamoylamino 
group, semicarbazide group, thiosemicarbazide group, hydrazine group, quaternary ammonio group, (alkyi, aryl or het- 
erocyclic) thio group, mercapto group, (alkyi or aryl)sulfonyl group, (alkyi or aryl)sulfinyl group, sulfo group, sulfamoyi 
group, acylsutfamoyi group, (alkyi or aryl)sulfonylureido group, (alkyi or aryl)su1fonylcarbamoyl group, halogen atom. 

25 cyano group, nitro group, phosphoric acid amide group, phosphate structure-bearing group, acyl urea structure-bearing 
group, selenium or tellurium atom-containing group, and tertiary or quaternary sulfonium structure-bearing group. 
These substituents may further have an analogous substituent. 

In formula (I). R^ is preferably alkyi. For substituted alkyi groups, the substituents are preferably aryl. heterocyclic, 
(alkyi or aryl)thio, cyano, alkoxy, aryloxy, alkoxycarbonyl, aryloxycartx>nyl and carbamoyl groups. 

30 Also preferably R^ is a tri-substituted methyl group in which the substituents are preferably aryl, heterocyclic, (alkyi 
or aryl)thio, cyano, alkoxy, aryloxy, alkoxycarbonyl, aryloxycarbonyl and carbamoyl groups. More preferably R^ is a 
methyl group having two aryl groups and one substituent selected from aryl, heterocyclic, (alkyi or aryl)thio, cyano, 
alkoxy, aryloxy, alkoxycarbonyl, aryloxycartx)nyl and cart)amoyl groups. Most preferably R^ is a methyl group substi- 
tuted with three aryl groups. 

35 In formula (I), each of A^ and A^ is a hydrogen atom, or a substituted or unsubstituted alkyi or arylsulfonyl group 
having up to 20 carbon atoms (preferably a phenylsulfonyl group, or a phenylsulfonyl group substituted such that the 
sum of Hammette's sutetituent constants may be -0.5 or more), or substituted or unsubstituted acyl group having up to 
20 carbon atoms (preferably a benzoyl group, a benzoyl group substituted such that the sum of Hammette's substituent 
constants may be -0.5 or more, or a linear, branched or cyclic, sul>stituted or unsubstituted. aliphatic acyl group wherein 

40 the substituent is selected from a halogen atom, ether group, sulfonamide group, carbonamide group, hydroxyl group, 
carboxyl group and sulfonate group). Most preferably, both A^ and A^ are hydrogen atoms. 
In formula (I). is preferably -COCO-, -SO2-. -SO-, ■P(=0)(-R^)- or thiocarbonyl group. 

In formula (I), R^ is an alkyi. aryl, heterocyclic, alkoxy. aryloxy, amino, alkylamino, arylamino. heterocyclic amino or 
hydrazine group, with the proviso that R^ is not an unsubstituted arylamino group where Is a thiocartx)nyl group. 
45 Where G^ is a -COCO- group, the preferred groups represented by R'' are alkoxy, aryloxy. amino, alkylamino, 
arylamino. heterocyclic amino and hydrazine groups. Substituted amino groups are especially preferred, for example. 
2.2.6.6-tetramethylpiperidin-4-ylamino, propylamine, aniline, o-hydroxyanilino, 5-benzotriazolylamino. and N-benzyl-3- 
pyridinieamino groups. 

Where G^ is a -SO2- or -SO- group, the preferred groups represented by R^ are alkyi groups (e.g.. methyl and trif- 
so luoromethyl), aralkyi groups (e.g., o-hydrexybenzyl), aryl groups (e.g.. phenyl and m-nitrophenyl), heterocyclic groups 
(e g., pyridyl), substituted amino groups (e.g.. dimethylamino). and hydrazine groups. 

Where G^ is -P(=0)R^-. the preferred groups represented by R"* are alkoxy. aryloxy. amine, alkylamino, arylamino, 
heterocyclic amino and hydrazine groups. 

Where G"' is thiocarbonyl, the preferred groups represented by R^ are alkyi . aryl. alkylamino. substituted arylamino. 
55 heterocyclic amino and hydrazine groups. 

Where the groups represented by R'' are substituted ones, the substituents may be selected from the same sub- 
stituents mentioned for R^. 

R"" and R^ in formula (1) may have incorporated therein a ballast group or polymer commonly used in immobile pho- 
tographic additives such as couplers. The ballast group is a group having at least 8 cart)on atoms and relatively inert 
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with respect to photographic properties. It may be selected from, for example, alkyl. aralkyl. altoxy. phenyl, alkylphenyl, 
phenoxy, and alkylphenoxy groups. The polymer is exemplified in JP-A 100530/1989, for example. 

R"" and in formula (I) may have incorporated therein a group capable of adsorbing to silver halide. Such adsorp- 
tive groups include alkylthio. arylthio, thiourea, thioamide, mercapto heterocyclic and triazole groups as described in 
5 USP 4.385,108 and 4.459,347, JP-A 195233/1984. 200231/1984. 201045/1984, 201046/1984. 201047/1984, 
201048/1984. 201049/1984, 170733/1986. 270744/1986. 948/1987. 234244/1988. 234245/1988. and 234246/1988. 
The silver halide adsorbing groups may take the form of precursors. Such precursors are described in JP-A 
285344/1990. 

R** and R^ in formula (I) may contain a plurality of hydrazine groups as substituents. In this case, the compound of 
10 formula (I) is an oligomer of hydrazine groups, examples of which are described in JP-A 86134/1989, 16938/1992 and 
197091/1993. 

Illustrative, non-limiting, examples of the hydrazine derivative represented by formula (I) are given below. 
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Table 1 
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No. 


r2 


-N— N- 
A^ 






10 


1 


Q 
o-T- 


-NHNH- 


-coco- 


-NHC3H7 


15 


2 


o-T- 

6 


-NHNH- 


-coco- 


-NH-<NH 


25 


3 


Q 

O-jcr 


-NHNH- 


— COCO- 


— NH— V y 


30 


4 




-NHNH- 


-COCO- 


-N(C2H5)2 




5 




-NHNH- 


-COCO- 


~NHNH-C(C6H5)3 


35 


6 




-NHNH- 


-coco- 


-OC2H5 


40 


7 




-NHNH- 


-coco- 


-0-C(CH3)3 


45 


8 


(a- 


-NHNH- 


-coco- 


CH3 

-"0-^-CH3 

CH3 


SO 


9 




-NHNH- 


-coco- 
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Table 2 
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10 


10 


P 
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— CHo 


15 








— QO _ 


■"C 12^25 


20 
25 


1 o 
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Q 






-/~VCH, 


ju 


13 


0 


-NHNH- 


-SO2- 


OCH3 


35 






-NHNH- 


— SOg- 


— NHNH — C(CaHcK 




15 




-NHNH- 


-S02- 


-NHC8Hi7(iso) 


40 


16 




-NHNH- 


-S02- 


1 


45 


17 




-NHNH- 


-S02- 


NO2 


SO 


18 


(0}=- 


-NHNH- 


-S02- 


CI 

NO2 
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Table 3 
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23 
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11 

— c— 


— NHC8H17 


35 
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45 


26 


p 


-NHNH- 
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-CH3 


SO 
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Table 4 
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Table 5 
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Tables 
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No. 




-N— N- 
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-CF3 
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47 


CN 
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48 
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30 
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(0)r- 


-NHNH- 


-S02- 


CI 
CI 



The compounds of the general formula (I) can be readily synthesized by well-known methods. Typical synthesis 
examples are given below. 

Synthesis of compound No. 1 

40 

Under ice cooling. 20 ml of an acetonltrlle solution containing 5.9 grams of propylamine was added dropwise to 100 
ml of an acelonitrile solution containing 19.0 grams of oxalyl dlimldazole prepared from oxalyl chloride and imidazole. 
After the completion of dropwise addition, the solution was once heated to room temperature and ice cooled again 
whereupon 20 ml of an acetonitrile solution containing 3.2 grams of hydrazine anhydride was added dropwise. After the 
45 completion of dropwise addition, the solution was heated to room temperature to complete reaction. 

To the reaction solution was added 14 ml of triethylamine. At room temperature. 27.8 grams of trityl chloride was 
added dropwise. After the completion of dropwise addrtion, the solution was heated to AQPO and stirred for 1 hour. The 
reaction solution was poured into water whereupon the precipitated crystals were filtered, washed with water, and dried, 
obtaining 19.4 grams of compound No. 1. 

so 

Synthesis of compound No. 3 

The synthesis procedure of compound No. 1 was repeated except that aniline was used instead of propylamine, 
yielding compound No. 3. 

55 

Synthesis of compound No. 10 

By reacting methanesulfonylhydrazine with trityl chloride according to the synthesis procedure of compound No. 1 . 
there was obtained compound No. 10. 
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Next, the general formula (II) is described: 



A^'a'^O ... (II) 

R^V t I II 



wherein each of R^"* and R^^ js an alkyl, alkenyl, alkynyl. aryl or heterocyclic group. X^^ is a hydrogen atom, alkyl» alke- 
nyl alkynyl, acyl, oxycailDonyl, cariDamoyl. heterocyclic, cyano. a group having a bonding oxygen atom, a group having 
a bonding nitrogen atom or a group having a bonding sulfur atom, R^^ Is a hydrogen atom, alkyl, aryl. heterocyclic, 
alkoxy. aryloxy. amino or hydrazine group, and ^ and A^^ both hydrogen atoms, or one of A^^ and A^^ js a hydro- 
75 gen atom and the other is an alkylsulfonyl, arylsulfonyl or acyl group. 

In formula (II). each of R^^ and R^^ is an alkyl. alkenyl. alkynyl. aryl or heterocyclic group. The alkyl groups repre- 
sented by R^^ and R^^ are preferably normal, branched or cyclic alkyl groups having 1 to 16 carbon atoms, more pref- 
erably 1 to 10 carbon atoms, for example, methyl, ethyl, propyl, isopropyl. n-butyl. t-butyl. 2,4.4-trimethylpentyl. 2- 
butenyl, 2-hydroxyethyl. benzyl. 4-methylbenzyl, 2-methoxyethyl. cyclopentyl, and 2-acetamidoethyl. The alkenyl 
20 groups are preferably those having 2 to 18 carbon atoms, more preferably 2 to 10 carbon atoms, for example, vinyl and 
2-styryl. The alkynyl groups are preferably those having 2 to 18 carbon atoms, more preferably 2 to 10 carbon atoms, 
for example, ethynyl and phenyl ethynyl. 

The aryl groups represented by R^^ and R^^ are preferably those aryl groups having 6 to 24 carbon atoms, more 
preferably 6 to 1 2 carbon atoms, for example, phenyl, naphthyl. and p-methoxyphenyl The heterocyclic groups are pref - 
25 erably five- or six-membered. saturated or unsaturated heterocyclic rings having 1 to 5 carbon atoms and at least one 
oxygen, nitrogen or sulfur atom in which the number and type of hetero atoms constituting the ring may be one or more, 
for example, 2-furyl. 2-thienyl. 4-pyridyl. 2-pyridyl. 2-benzothiazolyl. imidazoline, and 2-tetrahydrofuranyl. 

The groups represented by R^^ and R^^ may have a substituent. Exemplary substituents include alkyl. alkenyl. 
alkynyl, hydroxyl. mercapto. nitro. carboxyl. cyano. halogen, aryl. heterocyclic (inclusive of quaternized nitrogen atom- 
30 bearing ones), mercapto-substituted heterocyclic, alkoxy (inclusive of groups containing recurring ethyleneoxy or pro- 
pyleneoxy units), aryloxy. acylamino. thioamide, alkylamino, aniline, quaternary ammonium, ureido. thioureido. sulfa- 
moylamino. alkylthio. arylthio, tertiary sulfonium. alkoxycarbonylamino. sulfonamide, carbamoyl, thiocarbamoyl. 
suHamoyl. sulfonyl, alkoxycarbonyl. heterocyclic oxy, azo, acyloxy. catbamoyloxy. silyl. silyloxy, aryloxycarbonylammo. 
imide. heterocyclic thio, sulfinyl. phosphonyl. aryloxycartjonyl, acyl. and thiocarbonyl groups and combinations thereof. 
35 Preferred substituents are alkyl. alkoxy, acylamino. sulfonamide, ureido and phosphoric acid amide groups. 

and R^2^ taken together, may form a ring. R^^ and R^^ are preferably alkyl. aryl or heterocyclic groups, more 
preferably alkyl. aryl or aromatic heterocyclic groups. 

X^Ms a hydrogen atom, alkyl. alkenyl, alkynyl, acyl. oxycarbonyl. carbamoyl, heterocyclic, cyano, a group having a 
bonding oxygen atom, a group having a bonding nitrogen atom or a group having a bonding sulfur atom. The alkyl, alke- 
40 nyl, alkynyl and heterocyclic groups represented by X^^ include those desaibed for R^V The acyl groups represented 
by X^^ are preferably those having 1 to 18 carbon atoms, for example, acetyl and benzoyl. The oxycarbonyl groups are 
typically aItoxycart>onyl and aryloxycarbonyl groups, preferably alkoxycarbonyl groups having 2 to 18 carbon atoms, for 
example, methoxycarbonyl and benzyloxycarbonyl and aryloxycarbonyl groups having 7 to 18 carbon atoms, for exam- 
ple, phenoxycarbonyl. The carbamoyl groups are preferably those having 1 to 18 cartjon atoms, for example, car- 
45 bamoyi, N-ethylcarbamoyI, N-octylcarbamoyI and N-phenylcarbamoyl. 

The groups having a bonding oxygen atom represented by X^^ Include alkoxy. aryloxy. heterocyclic oxy. acyloxy 
and carbamoyloxy groups. The alkoxy groups are those having 1 to 16 carbon atoms, preferably having 1 to 10 carbon 
atoms, for example, methoxy and 2-methoxyethoxy. The aryloxy groups are those having 6 to 24 carbon atoms, for 
example, phenoxy and p-methoxyphenoxy. The heterocyclic oxy groups are five- or six-membered. saturated or unsatu- 
so rated heterocyclic oxy groups having 1 to 5 carbon atoms and at least one oxygen, nitrogen or sulfur atom In which the 
number and type of hetero atoms constituting the ring may be one or more, for example. 2-thiazolyloxy 2-tetrahydro- 
pyranyloxy and 2-pyridyloxy. The acyloxy groups are those having 1 to 16 carbon atoms, preferably 1 to 10 carbon 
atoms for example, acetoxy and benzoyloxy. The carbamoyloxy groups are those having 1 to 16 carbon atoms, prefer- 
ably having 1 to 10 carbon atoms, for example. N.N-dimethylcaibamoyloxy. N-hexylcarbamoyloxy and N-phenylcar- 

55 bamoyloxy. _ ^. „ . • ^ 

The groups having a bonding nitrogen atom represented by X^^ include acylamino. mono- or dialkylamino. 
arylamino. and heterocyclic amino groups. The acylamino groups are those having 1 to 16 carbon atoms, preferably 
having 1 to 10 carbon atoms, for example, acetamide and p-chforobenzoylamide. The alkylamino groups are those hav- 
ing 1 to 16 carbon atoms, preferably having 1 to 10 carbon atoms, for example. N.N-dimethylamino. The arylamino 
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groups are those having 6 to 24 carbon atoms, for example, anilino. The heterocyclic amino groups are five- or six- 
membered, saturated or unsaturated heterocyclic amino groups having 1 to 5 carbon atoms and at least one oxygen, 
nitrogen or sulfur atom in which the number and type of hetero atoms constituting the ring may be one or more, for 
example. 2-oxazolylamino. 2-tetrahydropyranylamlno and 4-pyrazylamino. 

The groups having a bonding sulfur atom represented by ^ include alkylthlo. arylthio. heterocyclic thio. sulfamoyi, 
sulfonyl and sulfinyl groups. The alkylthio groups are those having 1 to 16 carbon atoms, preferably having 1 to 10 car- 
bon atoms, for example, methylthio and 2-phenoxyethy1thio. The arylthio groups are those having 6 to 24 carbon atoms, 
for example, phenylthio and 2-carboxyphenylthio The heterocyclic thio groups are five- or six-membered, saturated or 
unsaturated heterocyclic thio groups having 1 to 5 carbon atoms and at least one oxygen, nitrogen or sulfur atom in 
which the number and type of hetero atoms constituting the ring may be one or more, for example. 2-benzothiazoylthio 
and 2-pyridylthio. The sulfamoyi groups are those having 0 to 16 carbon atoms, preferably having 0 to 10 carbon atoms, 
for example, methylsulfamoyi and phenylsulfamoyl. The sulfonyl groups are those having 1 to 16 carbon atoms, prefer- 
ably having 1 to 10 carbon atoms, for example, methanesulfonyl and benzenesulfonyL The sulfinyl groups are those 
having 1 to 16 carbon atoms, preferably having 1 to 10 carbon atoms, for example, methanesulfinyl and benzenesulfi- 

nyl. ^ 
These groups may further have a substituent as mentioned for R . 

Preferably X^^ is an alkyi, carbamoyl, alkoxycarbonyl, aryloxycarbonyl. acyl. cyano. heterocyclic, alkoxy, arylxoy, 
sulfamoyi or sulfonyl group, more preferably an alkyl. carbamoyl, alkoxycarbonyl. heterocyclic or alkoxy group, most 
preferably an alkyl. carbamoyl, alkoxycarbonyl or heterocyclic group. 

R"'^ is a hydrogen atom, alkyl. aryl. heterocyclic, alkoxy. aryloxy. amino or hydrazine group. These groups are the 
same as mentioned for R^^ while they may further have a substituent as mentioned for R^^ 

Preferably. R^^ is hydrogen, alkyl groups (e.g.. methyl, trifluoromethyl, difluoromethyl. 2-carboxytetrafluoroethyl, 
pyridiniomethyl. 3-hydroxypropyl. 3-methanesulfonamidopropyl and phenylsulfonylmethyl). aralkyi groups (e.g., o- 
hydroxybenzyl) or aryl groups (e.g.. phenyl, 3.5-dichlorophenyl. o-methanesulfonamidophenyl, o-carbamoylphenyl. 4- 
cyanophenyl and 2-hydroxymethylphenyl). with the hydrogen and alkyl groups being especially preferred. 

R^2 may be such a group as to induce cyclization reaction to cleave a -CO-R^^ moiety from the remaining molecule 
to generate a cyclic structure containing the atoms of the -CO-R^^ moiety. Such examples are described in JP-A 
29751/1988. for example. 

^ and A^^ both hydrogen atoms, or one of A^^ and A^2 jg a hydrogen atom and the other is an alkylsulfonyl. 
arylsulfonyl or acyl group. The alkylsulfonyl groups represented by A^ ^ and A^^ are those having up to 20 carbon atoms, 
preferably up to 10 carbon atoms, for example, methanesulfonyl and trifluoromethanesulfonyl. The arylsulfonyl groups 
represented by A^^ and A^^ are those having up to 20 caibon atoms, preferably up to 12 carbon atoms, for example, 
benzenesulfonyl and benenesulfonyl substituted such that the sum of Hammette's substituent constants may be 0 
or more positive. The acyl groups are aliphatic and aromatic acyl groups having up to 20 carbon atoms, preferably up 
to 1 2 carbon atoms. The aliphatic acyl groups are normal, branched or cyclic, substituted or unsubstituted aliphatic acyl 
groups, exemplary substituents including halogen atoms, ether, sulfonamide, carbonamide. hydroxyl, carboxy and sul- 
fonate groups. Acetyl and trifluoroacetyl are exemplary aliphatic acyl groups. The aromatic acyl groups are substituted 
or unsubstituted benzoyl groups. When substituted, the benzoyl groups are substituted such that the sum of Ham- 
mette's substituent constants may be 0 or more positive. Most preferably, both A^^ and A^^ are hydrogen atoms. 

Each of R^ ^ to R^^ and ^ in formula (II) may have incorporated therein a ballast group or polymer commonly used 
in immobile photographic additives such as couplers. The ballast group is a group having at least 8 carbon atoms and 
relatively inert with respect to photographic properties. It may be selected from, for example, alkyl, aralkyi. alkoxy. phe- 
nyl, alkylphenyl. phenoxy. and alkylphenoxy groups. The polymer is exemplified in JP-A 100530/1989. for example. 

Each of R^ ^ to R^ ^ and Mn formula (II) may have incorporated therein a group capable of adsorbing to silver hal- 
ide. Such adsorptive groups include alkylthio, arylthio, thiourea, thioamide, thiourethane, mercaptoalkyl. mercaptoaryl, 
mercapto heterocyclic (e.g.. 5-mercaptotetrazole. 3-mercapto-1 .2,4-triazole, 2-mercapto-1 .3,4-thiadiazole, and 2-mer- 
capto-1 3 4-oxadia20le). and five- or six-membered nitrogenous heterocyclic groups to form imino silver (e.g.. benzot- 
riazole) These groups are described in USP 4,385.108 and 4,459.347. JP-A 195233/1984. 200231/1984. 
201045/1984. 201046/1984, 201047/1984. 201048/1984, 201049/1984. 170733/1986, 270744/1986, 948/1987, 
234244/1988. 234245/1988, and 234246/1988. The silver halide adsorbing groups may take the form of precursors. 
Such precursors are described in JP-A 285344/1990. 

The compound of formula (II) may contain a plurality of hydrazine groups as substituents. In this case, the com- 
pound of formula (II) is an oligomer of hydrazino groups. 

Preferred among the compounds of formula (II) are those of the following general formula (lla): 
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H H O ... (Ila) 

^C-N-N-C-R^^ 



70 Wherein each off R^^ and R^^ is a substituted or unsubstltuted alkyi or phenyl group, X^^ is an alkyi, oxycarbonyl. car- 
bamoyl or heterocyclic group, and R^^ is a hydrogen atom, alkyi. aryl, heterocyclic, alkoxy or amino group. Substituents 
on these groups are as described for R^^ in formula (II). 

Illustrative, non-limiting, examples of the hydrazine derivative represented by formula (II) are given below. 
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The compounds of the general formula (II) can be synthesized according to the method described J^"^ 
198849/1987. More particularly, they can be synthesized by reacting (Ri'')(Ri2)p(ii)C-x with HNA^ ^-NA^^.cqris in a 
suitable organic solvent in the presence of a suitable base wherein X is a halogen atom or sulfonyloxy group. The sol- 
vents used herein are. for example, alcohols such as methanol, ethanoi. 2-propanol and methyl cellosolve. ketones 
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such as acetone and methyl ethyl ketone, amides such as N.N-dimethylformamide and N-methylpyrrohdone, ethers 
such as tetrahydrofuran and ether, esters such as ethyl acetate, and dimelhylsulfoxide. The bases used herein are. for 
example, organic bases such as triethylamine. pyridine, dimethylaniline. and N-methylmorpholine and inorganic bases 
Sch as potassium carbonate and sodium bicarbonate. The reactant (R^^)(Ri2)(X^^)C-X can be syrthesized by halo- 
genating (reacting with SOCI2 or PBrg) or sulfonylating (reacting with suHonyl chloride) a corresponding alcohol com- 



pound wherein X is OH. 

Next described are the compounds of the general formula (III): 



R -N- 



-N-R 



32 



31 



.32 



(III) 



Wherein R^^ is an aliphatic group, R^^ is an alkyl. aryl or heterocyclic group having at least one electron attractive or 
donative group. A^^ and A^^ are both hydrogen atoms, or one of A^^ and A^^ is a hydrogen atom and the other is a sub- 
stituted or unsubstHuted alkylsullbnyi, arylsulfonyl or acyl group. ^ i- 

The aliphatic group represented by R^^ in formula (110 includes, for example, substituted or unsubstituted. linear, 
branchedorcyclicalkyl. alkenyl and alkynyl groups having 1 to 30 carbon atoms. 

Where these groups have a substituent. exemplary substituents include an alkyl group, alkenyl group, alkynyl 
group aryl group, heterocyclic group, quaternized nitrogen atom-bearing heterocyclic group (e.g.. pyndinio), hydroxy 
group alkoxy group (inclusive of groups containing recurring ethyleneoxy or propyleneoxy units), aryloxy group, acyioxy 
group acyl group, alkoxycartwnyl group, aryloxycarbonyl group, carbamoyl group, urethane group, cartoxyl group, 
imide group, amino group, carbonamide group, sulfonamide group, ureido group, thioureido group sulfamoylamino 
orouD semicaibazide group, thiosemicaibazide group, hydrazine group, quaternary ammonio group, (alkyl. aryl or het- 
erocyclic) thio group, mercapto group, (alkyl or aryl)sulfonyl group, (alkyl or aryl)sulfinyl group. suHo group, sulfamoyi 
group acylsulfamoyi group, (alkyl or aryl)sulfonylureido group, (alkyl or aryl)sulfonylcarbamoyl group, halogen atom, 
cyano group, nitro group, phosphoric add amide group, phosphate structure-bearing group, acyl urea structure-bearing 
group, selenium or tellurium atom-containing group, and tertiary or quaternary sulfonium sfr ucture-beanng group. 
These substituents may further have an analogous substituent. 

In formula (III) R^^ jg preferably alkyl. For substituted alkyl groups, the substituents are preferably aryl. heteiocy- 
clic. (alkyl or aryl)thio. cyano. alkoxy. aryloxy. alkoxycarbonyl. aryloxycartjonyl and carbamoyl groups^ 

Also preferably R^s is a tri-substituted methyl group in which the substituents are preferably aryl. heterocyclic, (alkyl 
or aryhthio, cyano. alkoxy. aryloxy. alkoxycarbonyl. aryloxycarbonyl and caibamoyi groups. More preferably R is a 
methyl group having two aryl groups and one substituent selected from aryl. heterocyclic (alkyl or aryl)thio. cyano. 
aikoji, aryloxy. alkoxycarbonyl. aryloxycarbonyl and carbamoyl groups. Most preferably R^^ is a methyl group siA>sti- 

^^'^n^fomulSim^ea °h ?a3i and a'^ is a hydrogen atom, or a substituted or unsubstituted alkyl or arylsulfonyl group 
having up to 20 ««bon atoms (preferably a phenylsulfonyl group, or a phenylsuHbnyl group substituted such that the 
sum of Hammettes substituent constants may be -0.5 or more), or substituted or unsubstituted acyl group having up to 
20 carbon atoms (preferably a benzoyl group, a benzoyl group substituted such that the sum of Hammette s substituent 
constants may be -0.5 or more, or a linear, branched or cyclic, substituted or unsubstituted. aliphatic acyl group wherein 
the substituent is selected from a hatogen atom, ether group, sulfonamide group, cartjonamide group, hydroxyl group, 
cartjoxyl group and sulfonate group). Most preferably, both A^^ and A^^ are hydrogen atoms. 

In formula (111) R^^ is an alkyl. aryl or heterocyclic group having at least one electron attractive or donative group. 
By the terms electron attractive and donative groups are meant substituents whose Hammette s substituent constatit 
<t' has positive and negative values, respectively More illustoatively. almost all substituents except for hydrogen are rel- 
e^rrt Exemplary substituents indude alkyl. aryl. heterocyclic, alkoxy. aryloxy. acyioxy. acyl. alkoxycarbonjrf. arytoxycar- 
l>onyl carbamoyl, carboxyl, imide. carbonamide. sulfonamide, ureido. thioureido. (alkyl. aryl or heterocyclic) thio. (alkyl 
or aryDsuHbnyl. sulfo. sulfamoyi. halogen, cyano, nitro. amino, and (alkyl, aryl or heterocyclic) amino groups. These sub- 
stituents may furtiier have any desired sulKtituent. 

Where R^^ represents a substituted group, the substituent may be the same as mentioned for R . 

r31 and R^^ in formula (III) may have incorporated therein a ballast group or polymer commonly used in immobile 
photographic additives such as couplers. The ballast group is a group having at least 8 carbon atoms and relatively inert 
with respect to photographic properties. It may be selected from, for example, alkyl. aralkyl. alkoxy. phenyl, alkylphenyl, 
phenoxy. and alkylphenoxy groups. The polymer is exemplified in JP-A 100530/1989 for example. 

r3i and r32 in formula (III) may have incorporated therein a group capable of adsorbing to silver halide. Such 
adsorptive groups include alkylthio. arylthio. thiourea, thioamide, mercapto heterocyclic and triazole groups as 
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described in USP 4.385.108 and 4.459,347. JP-A 195233/1984. 200231/1984. 201045/1984, 201046/1984, 
201047/1984. 201048/1984, 201049/1984. 170733/1986, 270744/1986, 948/1987, 234244/1988. 234245/1988. and 
234246/1988. The silver halide adsorbing groups may take the form of precursors. Such precursors are described in 
JP-A 285344/1990. 

5 R^^ and R^^ in formula (III) may contain a plurality of hydrazine groups as substituents. In this case, the compound 

of formula (IN) is an oligomer of hydrazine groups, examples of which are described in JP-A 86134/1989. 16938/1992 
and 197091/1993. 

Illustrative, non-limiting, examples of the hydrazine derivative represented by formula (III) are given below. 
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The compounds of the general formula (III) can be readily synthesized by well-known methods. For example, com- 
pounds H-1 and H-3 can be synthesized in the same manner as Synthesis Examples of compounds D-2 and D-39 in 
JP-A 86354/1987. 

Next, the hydrazine compounds of the general formula (IV) are described. 
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A*0-NHNH-R^ (IV) 

is a heterocyclic group having at least one sulfur or oxygen atom, and R'*^ is a formyl. substituted or unsubsti- 
tuted acyl. sulfonyl. carbamoyl, sulfamoyl. alkoxycarbonyl, thioacyl or -(C=0)-(C=0)-X^ group wherein X^^ is -NR^^ R'^^ 

5 or -OR"*^ wherein each of R'^\ R'*^ and R"^ is a hydrogen atom, substituted or unsubstituted alkyl. aryl or heterocyclic 
group, or R"*^ and R"*^, taken together, may form a heterocyclic ring with the nitrogen atom. 

In formula (IV). H of -NHNH-, that is, the hydrogen atom of hydrazine may be replaced by a substituent such as sul- 
fonyl (e.g.. methanesulfonyl and toluenesulfonyl). acyl (e.g., acetyl and trifluoroacetyt) and oxalyl (e.g.. ethoxalyl). Such 
substituted compounds are encompassed within the scope of formula (IV). 

10 Examples of the heterocyclic group represented by A""^ include thiophene, furan. benzothiophene, pyran, isoben- 
zofuran, chromene. oxazole, and thiazole. the thiophene and furan being preferred. 

Illustrative groups of are formyl, acyl (e.g.. acetyl, trifluoroacetyl. a-(2.4-di-t-amyIphenoxy)acetyl. methoxy- 
acetyl, cyanoacetyl and benzoyl), sulfonyl (e.g.. methylsulfonyl. toluenesulfonyl and 4-dodecyloxybenzenesulfonyl). car- 
bamoyl (e.g.. carbamoyl, dodecylcarbamoyi and dimethylcarbamoyi). sulfamoyl (e.g.. sulfamoyl, butylsulfamoyi and 

75 dimethylsulfamoyi), alkoxycarbonyl (e.g., methoxycarbonyl and tetrad ecyloxycartx)nyl), thioacyl (e.g., thioformyl and 
thioacetyl). -(C=0)-(C=0)-NR^^R^2 ^^d -(C=0)-(C=0)-OR'*^. Each of R^\ R'^^ and R^ is hydrogen, alkyl (e.g.. 
methyl, ethyl and methoxyethyl), aryl (e.g., phenyl, p-methoxyphenyl and a-naphthyl), and heterocyclic groups (e.g.. 
pyridyl and thienyl). Alternatively, R"*^ and R"*^. taken together, form a ring with the nitrogen atom, for example, a hete- 
rocyclic ring such as morpholine. Preferred groups represented by R'*^ are formyl. acyl. -(C=0)-(C=0)-NR'^^R^2. and - 

20 (C=0)-(C=0)-OR^- 

The heterocyclic groups having at least one sulfur or oxygen atom, represented by R'^^, may have various substit- 
uents. Examples of the substituent which can be incorporated include halogen atoms, alkyl, aryl, alkoxy. aryloxy, acy- 
loxy. alkylthio. arylthio, sulfonyl, alkoxycarbonyl, aryloxycarbonyl, carbamoyl, sulfamoyl. acyl. amino, alkylamino. 
arylamino, acylamino, sulfonamide, arylaminothiocarbonylamino, hydroxy, carboxy, sulfo. nitro and cyano groups. 

25 The compounds of the general formula (IV) may have a nondiffusing group or a silver halide adsorption promoting 
group in a molecule. The nondiffusing group is preferably a ballast group commonly used in immobile photographic 
additives such as couplers. The ballast group is a group having at least 8 carbon atoms and relatively inert with respect 
to photographic properties, for example, alkyl, alkoxy. phenyl, alkylphenyl. phenoxy. and alkylphenoxy groups. The silver 
halide adsorption promoting groups include thiourea, thiourethane. heterocyclic thioamide. mercapto heterocyclic, and 

30 triazole groups as described in USP 4,385, 1 08. 

Typical non-limiting examples of the compound of the general formula (IV) are given below. 
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.-C,H„^^OCHCONH^S NHNHCHO 
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C.H.OCONH ^ YNHNHCHO 



,-CsH„ OCHaCONH ^NHNHCHO 
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H-l-7 

CaHsNHCSNHv^Oy.NHNHCHO 



t-CsHn -H^-0(CH2)3NHCONHv^O NHNHCHO 



H-l-9 ^NHNHCHO , 

trCsHii 



NHCOCHO 
I 

C2H5 



25 H-MO 



<o H-l-12 



^O^NHNHCHO 

LJ 



H-l-11 t-CsHn 



rw ^S^NHCOCHaO 

""'XT 




NHNHCOCH3 

C2H5NHCSNH ^^S^NHNHCOCONHCHa 




LJ 



H-l-13 t-CH 



_C,H,,^^-OCHCONHyS NHNHCOCOOC2H5 

C2H5 ^ 
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H.I-14 S^NHNHCOCONHa 

^ NHCOCH2 - S >^ S^SH 

ft H 
N — N 

H-l-15 /TTVnhcsnh^o^nhnhcocon^ P 

u , -a CaHsNHCSNHv^S^NHNHCOCHzOCHa 

"■'■'^ XT 



H-l-17 



H-l-18 



,-CsH„-^-OCHCONHyS NHNHCOCHaS 
CjHs «— J 

O^NHNHCOCHaCN 

CijHasNHCONH 



H-l-19 S NHNHCO 

S^NHNHCO 

o 

H.I-20 CsHnNHCONH^O NHNHCO . 

CflHiTNHCONH O^NHNHCO 

LJ 



NHNHSO2CH3 

50 H-l-22 f^^^^lT^^ 



L 11 ^^^""^^ 



CH3 



55 



BNSDOCID: <EP_0807850A1_I_> 



30 



EP0807 850A1 



10 



20 



25 



30 



35 



40 



45 



SO 



55 



H-l-23 



<Q)^NHCSNH -^^^CQNH^S^NHNHCOOC^Hs 



H-l-24 N^^^^^^^^CONH .O^NNHCONHa 



H 



15 H 1 25 ^^"^5^11 ^CH3 

.-C,H„-Q-OCH^0Ss^Sy|INHSO^^C^ 



^ ' COCOOC2H5 



H-l-26 ^1"^ 

^O^NHCONH-^ /""^^^ 
^NHNHCHS 



H-l-27 .<s?^S^N— NHCHO 

ll a COOCaHs 



H-l-28 CieH33NHCONH v^^^^^s^^S 

[^^^^J[^ NHNHCHO 

H-l-29 _ f^^°V-NHNHCHO 




NHCSNH 



^CH3 

^^^.^S^NHNHCON 



t-CsH,,-/ V-OCHaCONH 




The hydrazine compounds of the general formula (V) are desaibed. 
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R^^— C=C— NHNH— R' 



,54 



(V) 



R^^ is a monovalent organic group, each of R^^ and R^ is a hydrogen atom, halogen atom or substituted or unsub- 
stituted alkyi group, R^^ is a formyl. substituted or unsubstituted acyl, sulfonyl, carbamoyl. suHamoyl. alkoxycarbonyl, 
thioacyl or -(C=0)-(C=0)-X4C> g^o^p wherein X^^ is -NR^^ R'^^ -OR^^ wherein each of R^^ and R"*^ is a hydrogen 
atom, substituted or unsubstituted alkyI, aryl or heterocyclic group, or R"*^ and R'^^^ taken together, may form a ring with 
the nitrogen atom. 

The monovalent organic residues represented by R^^ include aromatic, heterocyclic and aliphatic residues. The 
aromatic residues include phenyl, naphthyl. substituted phenyl and substituted naphthyl. The substituents are. for 
example, alkyl. alkoxy. acylhydrazino, diall^lamino. alkoxycarbonyl, cyano. carboxyl. nitro, alkylthio. hydroxy, sulfonyl, 
carbamoyl, halogen, acylamino, sulfonamide, and thiourea groups. Exemplary of the substituted phenyl group are 4- 
methylphenyl, 4-ethylphenyl. 4-oxyethylphenyl, 4<Jodecylphenyl. 4-carboxyphenyl, 4-diethylaminophenyl. 4-octyIami- 
nophenyl. 4-benzylaminophenyl, 4-acetamide-2-methylphenyl. 4-(3-ethylthioureido)phenyl. 4-[2-(2.4-di-tert-butylphe- 
noxy)butylamide]phenyl, and 4-[2-(2.4-didodecyIphenoxy)butylamide]phenyl. 

The heterocyclic residues represented by R^^ are. for example, five- or six-membered monocyclic or fused ring 
having at least one of oxygen, nitrogen, sulfur and selenium atoms, which may have a substituent. Exemplary are res- 
idues of pyn^oline. pyridine, quinoline, indole, oxazole, benzoxazole. naphthoxazole, imidazole, benzimidazole. thiazo- 
line, thiazole. benzothiazole, naphthothiazole. selenazole, benzoselenazole. and naphthoselenazole rings. These 
heterocyclic rings may have substituents. for example, alkyl groups such as methyl, ethyl and dodecyl. alkoxy groups 
such as methoxy and ethoxy. aryl groups having 6 to 18 carbon atoms such as phenyl, halogen atoms such as chloro 
and bromo. alkoxycarlx)nyl. cyano. and amide groups. 

The aliphatic residues include normal and branched alkyl groups and cycloalkyi groups, which may have a substit- 
uent. as well as alkenyl and alkynyl groups. The normal and branched alkyl groups are typically those having 1 to 18 
carbon atoms, for example, methyl, ethyl, isobutyl and dodecyl. The cycloalkyi groups are typically those having 3 to 10 
carbon atoms, for example, cyclopropyl, cyclohexyl and adamantyl. Substituents on the alkyl and cycloalkyi groups 
include alkoxy (e.g.. methoxy. ethoxy. propoxy and butoxy). alkoxycarbonyl. carbamoyl, hydroxyl, alkylthio. amide, acy- 
loxy. cyano. sulfonyl. halogen atoms (e.g.. chlorine, bromine, fluorine and iodine), and aryl (e.g., phenyl, halogen-sub- 
stituted phenyl and alkyl -substituted phenyl). Exemplary substituted alkyl and cycloalkyi groups are 3-methoxypropyl, 
ethoxycarbonylmethyl, 4-chlorocyclohexyl. benzyl, p-methylbenzyl, and p-chlorobenzyl. Ally] is a typical alkenyl group 
and propynyl is a typical alkynyl group. 

Illustrative groups of R^ are formyl, acyl (e.g.. acetyl, trifluoroacetyl. a-(2.4-di-t-amylphenoxy)acetyl. methoxy- 
acetyl. cyanoacetyl and benzoyl), sulfonyl (e.g., methylsulfonyl. toluenesultonyl and 4-clodecyloxybenzenesulfonyl). car- 
bamoyl (e.g.. carbamoyl, dodecylcarbamoyi and dimethylcarbamoyl). sulfamoyi (e.g.. sulfamoyl. butylsulfamoyi and 
dimethylsulfamoyl), alkoxycartx)nyl (e.g., methoxycarbonyl and tetradecyloxycarbonyl), thioacyl (e.g., thioformyl and 
thioacetyl), -(C=0)-(C=0)-NR^^R^2 .(C=0)-(C:=0)-0R^3. Each of R^^ and R^ is hydrogen, alkyl (e.g., 
methyl, ethyl and methoxyethyl). aryl (e.g.. phenyl, p-methoxyphenyl and a-naphthyl). and heterocyclic groups (e.g.. 
pyridyl and thienyl). Alternatively. R^^ and R'*^. taken together, form a ring with the nitrogen atom, for exanrple. a hete- 
rocyclic ring such as morpholine. Preferred groups represented by R^ are formyl. acyl. -(C=0)-(C=0)-NR^^ R , and - 
(C=0)-(C=0)-OR^. 

Illustrative non-limiting examples of the compound of the general formula (V) are given below. 
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CH=CH-NHNHCHO 
CH=CH-NHNHCHO 



07- 



C14H29O -Q-NHCO -Q-CH =CH -NHNHCHO 



H.ll-10 C^aH^s -Q^NHCO -^^OH^CH -NHNHCHO 

H-IM 1 WCsHii -Q-NHCO -^-CH=CH -NHNHCHO 



/CI 

(t)CsH,i -^-NHCO -Q>-CH=CH-NHNHCHO 



H.„.13 Q-NHCO -Q-CH=C-CH =CH-NHNHCHO 

~ CH3 



H.II.14 ^^CONH -^^CH=CH-NHNHC CNHCzHg 

00 



^^CONH-^^CH=CH-NHNHCCH20-^^ 



Also useful are polymeric hydrazine compounds having a structural nnoiety of the general formula (VI). 
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-rSi_c=C-NHNH-R®* • • • (Vl) 

5 



R®^ is a divalent organic group, each of R®^ and R^^ is a hydrogen atom, halogen atom or substituted or unsubsti- 
10 tuted alkyi group, and R^^ is a formyl. substituted or unsubstituted acyl, sulfonyl, carbamoyl, suHamoyl. alkoxycarbonyl, 
thioacyl or -(C=0)-(C=0)-X'^° group wherein is -NR^^ R'*^ -OR^^ wherein each of R"^^ . R"*^ and R*^ is a hydrogen 
atom, substituted or unsubstituted alkyl. aryl or heterocyclic group, or R^^ and R*^, taken together, may form a ring with 
the nitrogen atom. 

The monovalent organic residues represented by R®'* include aromatic, heterocyclic and aliphatic residues. The 

75 aromatic residues include phenyl, naphthyl, substituted phenyl and substituted naphthyl. The substituents are, for 
example, alkyl. alkoxy, acyl hydrazine, dialkylamino, alkoxycarbonyl, cyano, carboxyl, nitro, alkylthio. hydroxy, sulfonyl, 
cartDamoyI, halogen, acylamino, sulfonamide, and thiourea groups. Exemplary of the substituted phenyl group are 4- 
methylphenyl. 4-ethylphenyl. 4-oxyethylphenyl. 4-dodecylphenyl. 4-carboxyphenyl. 4-diethylaminophenyl, 4-octylami- 
nophenyl, 4-benzylaminophenyl, 4-acetamide-2-methylphenyl, 4-(3-ethylthioureido)phenyl. 4-[2-(2,4-di-tert-butylphe- 

20 noxy)butylamide]phenyl, and 4-[2-(2,4<didodecylphenoxy)butylamide]phenyl. 

The heterocyclic residues represented by R^"* are, for example, five- or six-membered monocyclic or fused ring 
having at least one of oxygen, nitrogen, sulfur and selenium atoms, which may have a substituent Exemplary are res- 
idues of pyrroline. pyridine, quinoline, indole, oxazole, benzoxazole. naphthoxazole, imidazole, benzimidazole. thiazo- 
line. thiazde. benzolhiazole, naphthothiazcle, selenazole. benzoselenazole. and naphthoselenazole rings. These 

25 heterocyclic rings may have substituents. for example, alkyl groups such as methyl, ethyl and dodecyl, alkoxy groups 
such as methoxy and ethoxy, aryl groups having 6 to 18 carbon atoms such as phenyl, halogen atoms such as chloro 
and bromo. alkoxycarbonyl, cyano. and amide groups. 

TTie aliphatic residues include normal and branched alkyl groups and cycloalkyi groups, which may have a substit- 
uent. as well as alkenyl and alkynyl groups. The normal and branched alkyl groups are typically those having 1 to 18 

30 carbon atoms, for example, methyl, ethyl, isobutyl and dodecyl. The cycloalkyi groups are typically those having 3 to 10 
carbon atoms, for example, cyclopropyl, cyclohexyl and adamantyl. Substituents on the alkyl and cycloalkyi groups 
include alkoxy (e.g.. methoxy, ethoxy, propoxy and butoxy), alkoxycarbonyl, carbamoyl, hydroxyl, alkylthio, amide, acy- 
loxy, cyano. sulfonyl, halogen atoms (e.g., chlorine, bromine, fluorine and iodine), and aryl (e.g., phenyl, halogen-sub- 
stituted phenyl and alkyl-substituted phenyl). Exemplary substituted alkyl and cycloalkyi groups are 3-methoxypropyl, 

35 ethoxycarbonylmethyl. 4-chlorocyclohexyl, benzyl, p-methylbenzyl. and p-chlorobenzyl. Allyl is a typical alkenyl group 
and propynyl is a typical alkynyl group. 

Illustrative groups of R^ are formyl. acyl (e.g.. acetyl, trifluoroacetyl, a-(2,4-di-t-amylphenoxy)acetyl, methoxy- 
acetyl, cyanoacetyl and benzoyl), sulfonyl (e.g.. methylsulfonyl, toluenesulfonyl and 4-dodecyloxybenzenesulfonyl), car- 
bamoyl (e.g., carbamoyl, dodecylcarbamoyi and dimethylcarbamoyi), sulfamoyl (e.g.. sulfamoyi, butylsulfamoyi and 

40 dimethylsulfamoyi), alkoxycarbonyl (e.g., methoxycarbonyl and tetradodecyloxycarbonyl), thioacyl (e.g., thioformyl and 
thioacetyl), -(C=0)-(C=0)-NR^^R^2 -(C=0)-(C=0)-OR^. Each of H'^\ R^^ and R"^ is hydrogen, alkyl (e.g.. 
methyl, ethyl and methoxyethyl), aryl (e.g., phenyl, p-methoxyphenyl and a-naphthyl), and heterocyclic groups (e.g., 
pyridyl and thienyl). Alternatively. R^"" and R^^, taken together, form a ring with the nitrogen atom, for example, a hete- 
rocyclic ring such as morpholine. Preferred groups represented by R®* are formyl, acyl, -(C=0)-(C=0)-NR'*''R^2. . 

45 (C=0)-(C=0)-0R'*3. 

Illustrative non-limiting examples of the structural moiety of the general formula (VI) are given below. 
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H-lll-l — NH— ^^-CH=CH-NHNHCOCONHCH3 



H-lll-2 — NH-(^^^^CH=CH-NHNHCHO 



^2^5 

H.I1I.3 _NH--Q-0-CH-CONH-^^^ 



C2HS 

H-lIM _NH— ^-0-CH-CONH-^VcH=CH-NHNHCHO 



H-lll-S — 0--^^S02NH-^^-CH=CH-NHNHCHO 



H.III-^5 -NH— ^^0-CH2C0NH"-^^C(F)=C(F>-NHNHCH0 
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-NH 

H-lll-7 




CH=CH -NHNHCHO 



-NH 

H-lll-8 Js^,^,..*5^CH=CH -IMHNHCHO 

H-lll-9 -0-^^-CONH-^^-CH=CH -NHNHCHO 

H-lll-10 -0-^^-CONH-^\-CH=CH -NHNHCHO 



H-III-11 -0-^^-CONH-^^-C=C -NHNHCHO 

CH3 CH3 

H-m-12 -NH-^^-CONH-^^-CH=CH -NHNHCHO 



H'\m3 -NH-^^-CONH-^^-CH=C-CH=CH -NHNHCHO 

CH3 

H-IIM4 -NH— ^^-CONH-^^-CH=CH— NHNHC C— O— C2HS 

00 

H-lll-15 -NH-^^-CONH-^^-CH=CH— NHNHC-CHaO-^^ 

O 



Also useful are polymeric hydrazine compounds having a structural moiety of the general formula (Vil). 
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R^^ is a hydrogen atom, formyl, substituted or unsuiDstituted acyl. sulfonyl, carbamoyl, suifamoyl. alkoxycarbonyl, 
thioacyl or -(C=0)-(C=0)-X*° group wherein is -NR"^^ R^^ -OR^® wherein each of R^^ . R"^^ and R"^ is a hydrogen 
atom, substituted or unsubstltuted alkyi, aryl or heterocyclic group, or R^^ and R^^, taken together, may form a ring with 
the nitrogen atom, R^^ is a hydrogen atom, substituted or unsubstituted acyl, sulfonyl, carbamoyl, suifamoyl or alkoxy- 
carbonyl group, R^^ is a divalent organic group, X^^ is a phenyl group or pyridine ring, and letter m is an integer of 0 to 6. 

Illustrative groups of R^^ are hydrogen, formyl, acyl (e.g., acetyl, trifluoroacetyl, a-(2.4-di-t-amylphenoxy)acetyl and 
benzoyl), sulfonyl (e.g., methylsulfonyl. toluenesulfonyl and 4-dodecyloxybenzenesulfonyl). carbamoyl (e.g.. carbamoyl, 
dodecylcarbamoyi and dimethylcarbamoyi), suifamoyl (e.g., suifamoyl, butylsulfamoyi and dimethylsulfamoyi), alkoxy- 
carbonyl (e.g., methoxycarbonyl and tetradodecybxycarbonyl), and thioacyl (e.g., thioacetyl), with the hydrogen, fbrmyl, 
acyl and sulfonyl being preferred. 

Illustrative groups of R^^ are hydrogen, acyl (e.g.. acetyl and pivaloyi). sulfonyl (e.g.. methanesulfonyl and tolue- 
nesulfonyl), and alkoxycarbonyl (e.g., methoxycarbonyl and dodecyloxycarbonyl), with the hydrogen being preferred. 

Illustrative divalent organic groups of R^^ are derived from alkyI, aryl, alkoxy. aryloxy. acyloxy. alkylthio, arylthio. sul- 
fonyl, alkoxycartx)nyl, aryloxycarbonyl, carbamoyl, suifamoyl, acyl, amino, alkylamino, arylamino, acylamino, sulfona- 
mide. arylaminothiocai1x)nylamino, hydroxy, carboxy, suHb, nitro, and cyano groups. The groups represented by R65 
R^ and R^^ may further have a substituent, that is, substituted groups are enconrpassed therein. 

X^^ is preferably a pyridine ring. 

Letter m is an integer of 0 to 6, preferably 0 to 3. 

Illustrative non-limiting examples of the structural moiety of the general formula (VII) are given below. 
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_NH-^^NHCSNH -^^NHNHS02N(CH3)2 
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-NHNHCHO 
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nhco-/~Vn-n 



H-IV-8 CH3 ^ 

^J^NHNHCHO 

CH3 NHCOCHO -^3"*^"" 

C2H5 



H-IV-9 



H-IV-10 



^3-NHNHCO(CH2)30-^3-NH- 



N~V-NHNHCHO 



CH3 CONH(CH2)4 0-^ '^O- 
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/ — N 

_0-/^>— NHCO — ^__^NHNHCSCH3 



10 



IS 



20 



H-IV-13 0~-N^^NHNHCOCHO 

C2H5 



H-IV-U -NH 



NHNHCHO 



25 



H-IV-15 



"^^NHNHCOCHO --0"^5Hii(t) 
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H-IV.16 -0, 



40 



H-IV-17 

45 



£0 



NHNHC CNHCaHs 
II II 
00 



^^^f^NHCO -^^-NHNHCCH20CH3 



The polymers used herein are preferably those having recurring (meth)acrylic acid units. The (meth)acrylic add 
polymers include homopolymers and copolymers of (meth)acrylic acid as well as homopolymers and copolymers of 
55 (meth)acrylates. Illustrative examples include homopolymers of alkyi acrylates. copolymers of an alkyi acrylate and an 
alky! methacrylate, homopolymers of alkyi methacrylates, and water-insoluble addition polymers of an alkyi acrylate. 
alky! methacrylate. acrylate or methaaylate with another ethylenically unsaturated polymerizaWe compound having at 
least one -CH=C<, preferably at least one CH2=C<. 

Examples of the (meth)acrylic acid polymer include copolymers of acrylate with vinylidene chloride, copolymers of 
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methacrylate with vinylidene chloride, copolymers of acrylate with a vinyl ester, copolymers of methacrylate with a vinyl 
ester as well as copolymers of at least one of these copolymers with at least one compound selected from acrylic acid, 
methacrylic acid, and Itaconic acid. Examples of the acrylate and methacrylate include ethyl acrylate, n-butyl acrylate, 
n-octyl acrylate, n-dodecyl acrylate, methyl methacrylate. n-butyl methacrylate. n-octyl methacrylate. and n-dodecyl 
5 methacrylate. Examples of the vinyl ester include vinyl acetate, vinyl propionate, vinyl acetate, and vinyl laurate. The 
copolymers preferably have a molecular weight of about 500 to 500.000. Illustrative examples of the homopolymer and 
copolymer are shown below as P-1 to P-12 although the invention is not limited thereto. 
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hotnopolymer 
CO — 



— (•CH2— CH-)— M~ 100,000 

I 



homopolymer M-350,000 

-(•ch2-ch^5j- 
co— 



CH3 

x:y = 98.5:1. 



COOH CO— 



COOCH3 CO- 



M-1 50,000 



-(■CHa-CHH^CHa -CH )^ x : y = 97 : 3 

COOH CO- M^200.000 



CH3 

-(-CHa-C-^CHa "CH >^ x : y = 96 : 4 



M~ 100,000 



?' X : y = 97 : 3 

-+CH,-CH-)r4CH,-^>^ M-160,000 
CO- CI 



CH3 CH2COOH 

I . , I / X : y = 98 : 2 

— fCHa— C-)— fCHa-C-h- 

^ 2 1^?^ 2 M~40.000 
CO— COOH 
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P'8 

CH3 

-4-CH2-C V-{-CH2-CH)^CH2-CH-^ 

CO- COOH x:y.z = 40:50: 10 

M~ 150,000 



^'^ CH3 CH3 

,5 -f CH2— C -^CHa-CH ^y— (-CH2-C 47- X : y : z = 70 : 28 : 2 

CO— OCOCHa COOH M-500,000 



p.10 CH3 9H 9H 



-fCHa— C -^CH-CH4^CH2-<fH-)h- 
COOCH2— CHCgHg CO — 

C2H5 



-innr.H- — r.nr.M^ CO— x : y : z = 85 : 13 : 2 

M-800,000 



30 

P-11 

CH3 

-4CH2-CH45I (-CHg-CH-k (-CHz— C f- 

35 I I I * 

CO— NHC(CH3)2CH2S03H COOC2H4OCCH2COCH3 

H4OCCH2 



40 



x:y:z = 78 : 19:3 
M-300.000 



45 

P-12 CI CH2COOH 

-4 CH2 -CH4;j-(-CH2-C^p-{-CH2-C-)^ 
CO CI COOH 

so 



ss 



X : y : z = 80 : 16 
M- 100.000 



In polymers P-1 to P-12, x, y and z represent mol% of respective monomer components and M is an average 
molecular weight. It is noted that the average molecular weight designates a number average molecular weight through- 
out the specification. 
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In general, the {meth)acrylic add polymer should preferably contain at least 65%, more preferably 75 to 95% by 
weight of an alky! acrylate or alkyi methacrylate such as ethyl acrylale. methyl acrylate. butyl acrylate. ethyl methacr- 
ylate and octyl methacrylate. 

The polymer having a structural moiety of the general formula (VI) or (VII) according to the invention can be syn- 
5 thesized by reacting -NH2 or the like of a monomer from which the structural moiety of formula (VI) or (VII) is derived 
with -COOH or -COCI group of a monomer and polymerizing the reaction product (polymerization reaction) or by pre- 
viously synthesizing a trunk polymer and adding -NH2 or the like of a monomer from which the structural moiety of for- 
mula (VI) or (VII) is derived to a side chain thereof. 

The polymer off the invention can be readily synthesized by various methods such as solution polymerization, bulk 
10 polymerization and suspension polymerization. 

For example, solution polymerization is generally carried out as follows. A mixture of monomers is added to a suit- 
able solvent (eg., ethanol, methanol and water) in a suitable concentration (usually, less than 40% by weight, preferably 
1 0 to 25% by weight based on the solvent of the mixture). The solution is then heated in the presence of a polymeriza- 
tion initiator (e.g.. benzoyl peroxide, azobisisobutyronitrile and ammonium persulfate) to a suitable temperature (e.g., 40 
75 to 120**C. preferably 50 to 100*'C). thereby effecting copolymerization reaction. The reaction mixture is then poured into 
a medium in which the resultant water-soluble polymer is not solut)le, whereby the polymer is settled out and then dried, 
thereby removing the unreacted mixture. The water-soluble polymer preferably has a molecular weight of 1,000 to 
1 ,000,000, more preferably 2,000 to 200,000. 

According to the invention, a polymer having a structural moiety of the general formula (VI) or (VII) in its molecule 
20 is preferably added to the photographic silver haiide photosensitive material in an amount of 0.1 to 1 0 grams, more pref- 
erably 0.2 to 5 grams calculated as solids per square meter. 

Finally, the hydrazine compound of the general formula (VIII) which can be used herein is described. 

O ... (VIII) 

r8i_nhn:; • 

c 

II 

30 O 



R^^ is an aromatic group. A^^ Is a substituted or unsubstituted aromatic ring, and the carbon atoms off the two car- 
35 bonyl groups are attached to different atoms of the aromatic ring. 

More illustratively, R^^ is a substituted or unsubstituted aryl group or heterocyclic group, for example, benzene, 
naphthalene, pyridine, pyrimidine, imidazole, pyrazole, thiazde. benzothiazole, benzimidazole, indazole, quinoline. and 
isoqulnoline. 

A®^ is a substituted or unsubstituted aryl group or heterocyclic group, for example, benzene, naphthalene, pyridine, 
40 pyrimidine, imidazole, pyrazole, thiazole. benzothiazole, benzimidazole. indazole. quinoline, and isoquinoline. Substitu- 
ents on the groups of A^^ include hydrogen, substituted or unsubstituted alkyl. aryl. alkylamino. acyl. acylamino. 
alkylaminoacyl. cartx>alkDxy. alkoxy. hydroxyl. acyloxy, cartxjxytate, nitro. and halogen. 
Illustrative non-limiting examples of the compound of formula (VIII) are given below. 
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According to the invention, the hydrazine compounds of formulae (I) to (VIII) function as a nucleating agent. 
According to the invention, another hydrazine derivative may be used in combination with the hydrazine com- 
pounds of formulae (I) to (VIII). Examples of the hydrazine derivative which can be used in combination include those 
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examples described in Research Disclosure. Item 23516 (November 1983, page 346), the references cited therein, and 
the following patents. 

USP 4.080.207 4.269.929 4.276.364 4.278.748 4,385.108 4.459.347 4,478.928 4,560.638 4,686,167 4.912,016 
4.988,604 4.994.365 5,041,355 5.104,769 
5 UKP 2,01 1.391 B 

EP 217.310 301 .799 356,898 

JP-A 179734/1985 170733/1986 270744/1986 178246/1987 270948/1987 29751/1988 32538/1988 104047/1988 
121838/1988 129337/1988 223744/1988 234244/1988 234245/1988 234246/1988 294552/1988 306438/1988 
10233/1989 90439/1989 100530/1989 105941/1989 105943/1989 276128/1989 280747/1989 283548/1989 

10 283549/1989 285940/1989 2541/1990 77057/1990 139538/1990 196234/1990 196235/1990 198440/1990 
198441/1990 198442/1990 220042/1990 221953/1990 221954/1990 285342/1990 285343/1990 289843/1990 
302750/1990 304550/1990 37642/1991 54549/1991 125134/1991 184039/1991 240036/1991 240037/1991 
259240/1991 280038/1991 282536/1991 51143/1992 56842/1992 84134/1992 230233/1990 960i>3/1992 
216544/1992 45761/1993 45762/1993 45763/1993 45764/1993 45765/1993 

15 Japanese Patent Application No. 94925/1993 

Besides, the following hydrazine derivatives are also useful. Exemplary compounds include the compounds of the 
chemical formula [1] In JP-B 77138/1994, more specifically the compounds described on pages 3 and 4 of the same; 
the compounds of the general formula (1) in JP-B 93082/1994. more specifically compound Nos. 1 to 38 described on 
pages 8 to 18 of the same; the compounds of the general formulae (4), (5) and (6) in JP-A 230497/1994, more specif- 

20 ically compounds 4-1 to 4-10 described on pages 25 and 26. compounds 5-1 to 5-42 described on pages 28 to 36. and 
compounds 6-1 to 6-7 described on pages 39 and 40 of the same; and the compounds of the general formulae (1 ) and 
(2) in JP-A 289520/1994, more specifically compounds 1 -1 to 1 -1 7 and 2-1 described on pages 5 to 7 of the same; the 
compounds of the chemical formulae [2] and [3] in JP-A 313936/1994, more specifically the compounds described on 
pages 6 to 1 9 of the same; the compounds of the chemical formula [1] in JP-A 313951 /1994, more specifically the com- 

25 pounds described on pages 3 to 5 of the same; the compounds of the general formula (1 ) in JP-A 5610/1 995, more spe- 
cifically compounds 1-1 to 1-38 described on pages 5 to 10 of the same; the compounds of the general formula (II) In JP- 
A 77783/1995. more specifically compounds 11-1 to 11-102 described on pages 10 to 27 of the same; and the com- 
pounds of the general formulae (H) and (Ha) in JP-A 104426/1995. more specifically compounds H-1 to H-44 described 
on pages 8 to 15 of the same. 

30 Furthermore, various hydrazine derivatives as described in "l^chi Gljutsu (known Technology)," March 22, 1991, 
Aztec K.K., pages 25 to 34, may be used In combination with the hydrazine derivative of the present invention. 

The hydrazine derivative of the present invention may be added to either of a photosensitive layer and a non-pho- 
tosensitive layer on the same side of a support, preferably to the photosensitive layer or a non-photosensitive layer dis- 
posed adjacent thereto. 

35 The preferred amount of the hydrazine derivative of the invention added varies a little with a particular compound. 
The hydrazine compound of the general formula (I) or (III) is preferably added in an amount of 1x10'^ to 1x10"^ mol. 
more preferably 1x10'^ to 5x1 0'^ mol per mol of silver. The hydrazine compound of the general formula (II) is preferably 
added In an amount of 1x10"^ to 1x10 ^ mol, more preferably 1x10'^ to 5x10"^ mol, most preferably 5x10"^ to 1x10"^ mol 
per mol of silver. The hydrazine compound of the general formula (IV). (V) or (VIII) or the hydrazine compound having 

40 a structural moiety of the general formula (Vl) or (VII) is preferably added in an amount of 1x10"® to 1x10"^ mol, more 
preferably 1x10^ to 5x10"^ mol, most preferably 2x10^ to 5x10"^ mol per mol of silver. Note that the amount of the 
hydrazine moiety is calculated in the case of a polymeric compound. 

The hydrazine derivative is used as a solution in a suitable organic solvent such as alcohols (e.g.. methanol, etha- 
nol, propanol, and f luorinated alcohols), ketones (e.g.. acetone and methyl ethyl ketone), dimethylformamide. dimethyl- 

45 sulfoxide and methyl cellosolve. 

A well-known emulsifying dispersion method is used for dissolving the hydrazine derivative with the aid of an oil 
such as dibutyl phthalate, tricresyl phosphate, glyceryl triacetate and diethyl phthalate or an auxiliary solvent such as 
ethyl acetate and cydohexanone whereby an emulsified dispersion is mechanically prepared. Arternatively, a method 
known as a solid dispersion method is used for dispersing the hydrazine derivative in powder form in water in a ball mill. 

so colloidal mill or ultrasonic mixer. 

In the practice of the Invention, indazoles (e.g.. nitroindazole) are preferably used as an antifoggant in combination 
with the hydrazine compound of the general formula (I) or (II). 

Nucleation promoter 

55 

In the photosensitive material of the invention, a nucleation promoter is preferably added in combination with the 
hydrazine derivative of the Invention. Useful nucleation promoters are amine derivatives, onium salts, disulfide deriva- 
tives and hydroxylamine derivatives. Examples of the onium salt type nucleation promoter are described in Japanese 
Patent Application No. 37053/1996. 
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Other examples of the nucleation promoter include the compounds described in JP-A 77783/1995, for example, 
compounds A-1 to A-73 described on pages 49 to 58 thereof; the compounds of chemical formulae [21], [22] and [23] 
described in JP-A 84331/1995. for example, the compounds described on pages 6 to 8 thereof; the compounds of gen- 
eral formulae [Na] and [Nb] described in JP-A 104426/1995, for example, compounds Na-1 to Na-22 and Nb-1 to Nb- 
5 12 described on pages 16 to 20 thereof; the compounds of general formulae (1). (2). (3), (4), (5). (6), and (7) described 
In Japanese Patent Application No 37817/1995. for example, compounds 1-1 to 1-19, 2-1 to 2-22, 3-1 to 3-36, 4-1 to 
4-5, 5-1 to 5-41 , 6-1 to 6-58, and 7-1 to 7-38 described therein. 

The nucleation promoter is used as a solution in a suitable organic solvent such as alcohols (e.g.. methanol, etha- 
nol. propanol. and fluorlnated alcohols), ketones (e.g.. acetone and methyl ethyl ketone), dimethylfbrmamide. dimethyl- 
10 sulfoxide and methyl cellosolve. 

A well-known emulsifying dispersion method is used for dissolving the nucleation promoter with the aid of an oil 
such asdibutyl phthalate, tricresyl phosphate, glyceryl triacetate and diethyl phthalate or an auxiliary solvent such as 
ethyl acetate and cyclohexanone whereby an emulsified dispersion is mechanically prepared. Alternatively, a method 
known as a solid dispersion method is used for dispersing the nucleation promoter in powder form in water in a ball mill. 
75 colloidal mill or ultrasonic mixer. 

The nucleation promoter may be added to a photosensitive layer or any non-photosensitive layer on the same side 
of the support as the photosensitive layer. Preferably the nucleation promoter is added to the photosensitive layer or a 
non-photosensitive layer disposed adjacent thereto. «5 2 

Preferably the nucleation promoter is added in amounts of 1x10'^ to 2x10-2 mol. more preferably IxlO ^' to 2x10" 
20 mol. most preferably 2x1 0"^ to 1 x1 0'^ mol per mol of silver. 

Illustrative non-limiting examples of the nudeation promoter are given below. 
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Reducing agent 

The reducing agent for the organic silver salt nnay be any of substances, preferably organic substances, that reduce 
silver ion into metallic silver. Conventional photographic developing agents such as Phenidone®, hydroquinone and 
catechol are useful although hindered phenols are preferred reducing agents. The reducing agent should preferably be 
contained in an amount of 1 to 10% by weight of an image forming layer. In a multilayer embodiment wherein the reduc- 
ing agent is added to a layer other than an emulsion layer, the reducing agent should preferably be contained in a 
slightly greater amount of about 2 to 15% by weight of that layer. 

For photothermographic materials using organic silver salts, a wide range of reducing agents are disclosed. Exem- 
plary reducing agents include amidoximes such as phenyiamidoxime, 2-thienylamidoxime, and p-phenoxyphenylami- 
doxime; azines such as 4-hydroxy-3,5-dimethoxyben2aldehydeazine; combinations of aliphatic carboxylic acid 
arylhydrazides with ascorfcwc acid such as a combination of 2,2*-bis(hydroxymethyl)propionyl-p-phenylhydrazine with 
ascorbic acid; combinations of polyhydroxybenzenes with hydroxylamine. reductone and/or hydrazine, such as combi- 
nations of hydroquinone with bis(ethoxyethyl)hydroxylamine, piperidinohexosereductone or formyI-4-methylphenylhy- 
drazine; hydroxamic acids such as phenylhydroxamic acid, p-hydroxyphenylhydroxamic acid, and p-anilinehydroxamic 
acid; combinations of azines with sulfonamidophenols such as a combination of phenothiazine with 2,6-dichloro-4-ben- 
zenesulfonamidephenol; a-cyanophenyl acetic acid derivatives such as ethyl-a-cyano-2-methylphenyl acetate and 
ethyl-a-cyanophenyl acetate; bis-p-naphthols such as 2.2*-dihydroxy-1,r-binaphthyl, 6,6'-dibromo-2,2'-dihydroxy-1,r- 
binaphthyl, and bis(2-hydroxy-1-naphthyl)methane; combinations of bis-p-naphthols with 1 .S-dihydroxybenzene deriv- 
atives such as 2,4-dlhydroxybenzophenone and 2'.4'-dihydroxyacetophenone; 5-pyrazolones such as 3-methyl-1-phe- 
nyl-5iDyrazolone; reductones such as dimethylamlnohexosereductone, anhydrodihydroaminohexosereduclone and 
anhydrodihydropiperidonehexosereductone; sulfonamidephenol reducing agents such as 2.6-dichloro-4-benzenesul- 
fbnamidephenol and p-benzenesulfonamidephenol; 2-phenylindane-1,3-dione, etc; chromans such as 2,2-dimethyl-7- 
t-butyl-6-hydroxychroman; 1 ,4-dihydropyridines such as 2,6-dimethoxy-3,5-dicarboethoxy-1.4-dihydropyridine; bisphe- 
nols such as bis(2-hydroxy-3-t-butyl-5-methylphenyl)methane. 2.243is(4-hydroxy-3-methyfphenyl)propane, 4,4-ethyli- 
dene-bis(2-t-butyl-6-methylphenol), 1 . 1 -bis(2-hydroxy-3.5-dimethylphenyl)-3,5,5-trimethylhexane. and 2,2-bis(3,5- 
dimethyl-4-hydroxyphenyl)propane; ascorbic acid derivatives such as 1-ascorbyl palmitate and ascorbyl stearate; alde- 
hydes and ketones such as benzil and diacetyl; 3-pyrazolidones and certain indane-1.3-diones. 

Especially preferred reducing agents used herein are those compounds of the following formulae (R-1). (R-ll). (R- 
111). and (R-IV). 
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In formula (R-lll), Z forms a cyclic structure represented by the following formula (Z-1) or (Z-2). 

35 

(2.1) (2-2) 
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In formula (R-IV). Z forms a cyclic structure represented by the following formula (Z-3) or (Z-4). 
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In formulae (R-l) and (R-ll), each of and L2 Is a group CH-Rg or CH-Rg* or a sulfur atom, and n Is a natural 



Herein, R is used as a representative of Ri to R10. Ri' to R5', Re', Rn to R13, R^' to R13', R21 to Rge, and R21' to 
R24'. R is a hydrogen atom, alkyi group having 1 to 30 carbon atoms, ary! group, aralkyi group, halogen atom, amino 
group or a substituent represented by -O-A. with the proviso that at least one of Ri to R5, at least one of Ri* to R5'. and 
at least one of R7 to R^o each are a group represented by -O-A. Alternatively, R groups, taken together, may form a ring. 

20 A and A' each are a hydrogen atom, alkyI group having 1 to 30 carbon atoms, acyl group having 1 to 30 carbon atoms, 
aryl group, phosphate group or sulfonyl group. R, A and A' may be substituted groups while typical examples of the sub- 
stituent include an alkyi group (including active methine groups), nitro group, alkenyl group, alkynyl group, aryl group, 
heterocycle-containing group, group containing a quaternized nitrogen atom-containing heterocycle (e.g., pyridinio 
group), hydroxyl group, alkoxy group (Including a group containing recurring ethylenoxy or propylenoxy units), aryloxy 

25 group, acyloxy group, acyl group, alkoxycarbonyl group, aryloxycarbonyl group. cart>amoyl group, urethane group, car- 
boxyl group, imido group, amino group, carbonamide group, sulfonamide group, ureldo group, thioureido group, sulfa- 
moylamino group, semicarbazide group, thiosemicartiazide group, hydrazino-contalning group, quaternary ammonio- 
containing group, mercapto group, (alkyI, aryl or heterocyclic) thio group, (alkyt or aryl) sulfonyl group, (alkyI or aryl) 
sulf inyt group, sulfo group, sulfamoyi group, acylsulfamoyi group. (alkyI or aryl) sulfonylureldo group. (alkyI or aryl) sul- 

30 fonylcarbamoyt group, halogen atom, cyano group, phosphoric acid amide group, phosphate structure-containing 
group, acylurea structure-bearing group, selenium or tellurium atom-containing group, and tertiary or quaternary sulfo- 
nium structure-bearing group. The substituent on R. A and A* may be further substituted, with preferred examples of the 
further substituent being those groups exemplified as the substituent on R. The further substituent, in turn, may be fur- 
ther substituted, the still further substituent. in turn, may be further substituted, and so on. In this way, multiple substi- 

35 tution is acceptable while preferred substituents are those groups exemplified as the substituent on R, A and A. 

Illustrative, non-limiting, examples of the compounds represented by formulae (R-l), (R-M), (R-lll) and (R-IV) are 
given below. 
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TMB: 1,3,3-trimethylbutyl group -CH( -CH3 ) -CHj-CC -CH3 ) 3 
CPen: cyclopentyl group (R-I) 



CHex: cyclohexyl group 
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55 The reducing agent is preferably used in an amount of 1x10"^ to 10 mol. more preferably 1x10'^ to 1 .5 mol per mol 
of silver. 

The photothermographic material according to the invention is processed by a heat development process to form 
photographic images. As described in the preamble, such photothermographic materials are disclosed in USP 
3.152,904 and 3.457,075, D. Morgan and B. Shely, "Thermally Processed Silver Systems" in "Imaging Processes and 
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Materials," Neblette, 8th Ed.. Sturge, V. Walworth and A. Shepp Ed., page 2. 1969. 

The photothermographic material according to the Invention preferably contains a reducible silver source (e.g., 
organic silver salt), a catalytic amount of a photocatalyst (e.g., silver halide). a toner for controlling the tonality of silver, 
and a reducing agent, typically dispersed in a binder (typically organic binder) matrix. Although the photothermographic 

5 material is stable at room temperature, it Is developed merely by heating at an elevated temperature (e.g., 80**C or 
higher) after exposure, that is, without a need for a processing solution. Upon heating, redox reaction takes place 
between the reducible silver source (functioning as an oxidizing agent) and the reducing agent to form silver. This redox 
reaction is promoted by the catalysis of a latent image produced by exposure. Silver formed by reaction of the organic 
silver salt in exposed regions provides black images in contrast to unexposed regions, forming an innage. 

10 The photothermographic material of the invention has at least one photosensitive layer on a support. It is accepta- 
ble to form only a photosensitive layer on a support although it is preferred to form at least one non-photosensitive layer 
on the photosensitive layer. In order to control the quantity or wavelength distribution of light transmitted to the photo- 
sensitive layer, a filter layer may be formed on the same side as or on the opposite side to the photosensitive layer, or 
a dyestuff or pigment may be contained in the photosensitive layer. The dyestuff used to this end is preferably selected 

15 from the compounds described in Japanese Patent Application No. 1 1 184/1995. The photosensitive layer may consist 
of two or more strata. Also a combination of high/low sensitivity strata or low/high sensitivity strata may be used for the 
adjustment of gradation. 

Various additives may be added to any of the photosensitive layer, a non-photosensitive layer, and other layers. In 
the photothermographic material of the invention, various additives such as surfactants, antioxidants, stabilizers, plas- 

20 ticizers, UV absorbers, and coating aids may be used. 

A binder is used to hold such additives. It is preferably transparent or semi-transparent and generally colorless. 
Exemplary binders are naturally occurring polymers, synthetic resins, polymers and copolymers, and other film-forming 
media, for exanrple, gelatin, gum arable. poly(vinyl alcohol), hydroxyethyl cellulose, cellulose acetate, cellulose acetate 
butyrate. poly(vinyl pyrrolidone). casein, starch, poly(acrylic add), poly(melhyl methacrylate), polyvinyl chloride. 

25 poly(methacrylic acid). copoly(styrene-maleic anhydride), copoly(styrene-acrylonitrile). copoly(styrene-butadiene), pol- 
yvinyl acetals (e.g.. polyvinyl formal and polyvinyl butyral). polyesters, polyurethanes, phenoxy resins, poly(vinylidene 
chloride), polyepoxides. polycarbonates. poly(vinyl acetate), cellulose esters, and polyamides. These polymers may be 
used alone or in admixture of two or more as desired. The polymer is used in such a range that it may effectively func- 
tion as a binder to carry various components. The effective range may be properly determined by those skilled in the 

30 an without undue experimentation. Taken at least as a measure for carrying the organic silver salt in the film, the weight 
ratio of the binder to the organic silver salt is preferably in the range of from 15:1 to 1:2, more preferably from 8:1 to 1:1. 
The binder may be dispersed in water, organic solvent or emulsion to form a dispersion which is coated to form a layer. 

It is sometimes advantageous to use an additive known as a loner" for improving images in addition to the above- 
mentioned components. The toner is used in an amount of 0.1 to 10% by weight of the entire silver-carrying compo- 

35 nents. The toners are compounds well known in the photographic art as described in USP 3,080,254, 3,847,612 and 
4,123,282. 

As disclosed in Research Report No. 17029. exemplary toners include imides such as phthallmide: cyclic imides 
such as succinimide, pyrazoline-5-ones, quinazolinone. 3-phenyl-2-pyrazoline-5-one, 1-phenylurazole, quinazoline and 
2,4-thiazolizinedione: naphthalimides such as N-hydroxy-1 ,8-naphthalimlde: cobalt complexes such as cobaltic hexam- 

40 ine trifluoroacetate; mercaptans such as 3-mercapto-1,2,4-triazole; N-(aminomethyl)aryldicarboxyimides such as N.N- 
(dimethytaminomethyl)phthalimide; a combination of blocked pyrazoles, isothiuronium derivatives and certain photo- 
bleach agents such as a combination of N.N'-hexamethylene-bis(1-carbamoyl-3.5-dimethylpyrazole), 1 ,8-(3,6-diazaoc- 
tane)bis(isothiuronium)trifluoroacetate and 2-(tribromomethylsulfonyl)benzothiazote; merocyanine dyes such as 3- 
ethyl-5-[(3'ethyl-2-benzothiazolinylidene)-1-methylethylidene]-2-thio-2,4-oxazolidinedione; phthalazinone. phthalazi- 

45 none derivatives or metal salts of these derivatives such as 4-(1-naphthyl)phthalazinone, 6-chlorophthalazinone. 5,7- 
dimethyloxyphthalazinone and 2,3-dihydro-1.4-phthalazinedione: a combination of phthalazinone with a sulfinic acid 
derivative such as 6-chlorophthaIazinone plus sodium benzenesulf inate or 8-methylphthalazinone plus sodium p-trisul- 
fonate; a combination of phthalazinone and phthalic add; a combination of phthalazine (inclusive of phthalazine 
adducts) with at least one compound selected from maleic anhydride, phthalic acid, 2,3-naphthalenedicarboxylic add. 

so and o-phenylenic acid derivatives and anhydrides thereof such as phthalic acid, 4-methyl phthalic acid, 4-nitrophthallc 
acid and tetrachlorophthalic anhydride; quinazolinediones. benzoxazine or naphthoxazine derivatives; benzoxazine- 
2.4-diones such as 1,3-benzoxazine-2,4-dione; pyrimidine and asym-triazines such as 2,4-dihydroxypyrimidine; tetraa- 
zapentalene derivatives such as 3,6<limercapto-1.4-diphenyl-1H,4H-2,3a.5.6a-tetraazapentalene. Phthalazones are 
the preferred toners. 

55 

Silver halide 

The silver halide which is useful as a catalytic amount of photocatalyst may be selected from photosensitive silver 
halides such as silver bromide, silver iodide, silver chloride, silver chlorobromide, silver iodobromide. and silver chloro- 
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iodobromkJe, with an iodide ion being preferably contained. The silver halide may be added to the image forming layer 
by any desired method whereupon the silver halide is disposed close to the reducible silver source. In general, the silver 
halide is contained in an amount of 0.75 to 30% by weight based on the reducible silver source. The silver halide may 
be prepared by converting a silver soap moiety through reaction with a halide ion, or by preforming silver halide and 

5 adding it upon generation of a soap, or a combination of these methods. The latter method is preferred. 

A method for forming a photosensitive silver halide is well known in the art. Any of the methods disclosed in 
Research Disclosure No. 1 7029 (June 1978) and USP 3,700,458, for example, may be used. Illustrative methods which 
can be used herein are a method of preparing an organic silver salt and adding a halogen-containing compound to the 
organic silver salt to convert a part of silver of the organic silver salt into photosensitive silver halide and a method of 

10 adding a silver-providing compound and a halogen-providing compound to a solution of gelatin or another polymer to 
form photosensitive silver halide grains and mixing the grains with an organic silver salt. The latter method is preferred 
in the practice of the invention. The photosensitive silver halide should preferably have a smaller grain size for the pur- 
pose of minimizing white turtjidity after image formation. Specifically, the grain size is preferably up to 0.20 ^m. more 
preferably 0.01 ^im to 0.15 nm. most preferably 0.02 jim to 0.12 jim. The term grain size designates the length of an 

75 edge of a silver halide grain where silver halide grains are regular grains of cukjic or octahedral shape. Where silver hal- 
ide grains are tatwlar, the grain size is the diameter of an equivalent circle having the same area as the projected area 
of a major surface of a tabular grain. Where silver halide grains are not regular, for example, in the case of spherical or 
rod-shaped grains, the grain size is the diameter of an equivalent sphere having the same volume as a grain. 

The shape of silver halide grains may be cubic, octahedral, tabular, spherical, rod-like and potato-like, with cubic 

20 and tabular grains being preferred in the practice of the invention. Where tabular silver halide grains are used, they 
should preferably have an average aspect ratio of from 100:1 to 2:1, more preferably from 50:1 to 3:1. Silver halide 
grains having rounded corners are also preferably used. No particular limit is imposed on the plane indices (Miller indi- 
ces) of an outer surface of silver halide grains. Preferably silver halide grains have a high proportion of {100} plane fea- 
turing high spectral sensitization efficiency upon adsorption of a spectral sensitizing dye. The proportion of {100} plane 

25 is preferably at least 50%. more preferably at least 65%, most preferably at least 80%. Note that the proportion of Miller 
index {100} plane can be determined by the method described in T Tani. J. Imaging Sci.. 29. 165 (1985). utilizing the 
adsorption dependency of {1 1 1} plane and {100} plane upon adsorption of a sensitizing dye. 

The halogen composition of photosensitive silver halide is not critical and may be any of silver chloride, silver chlo- 
robromide. silver bromide, silver iodobromide. silver iodochlorobromide. and silver iodide. Silver bromide or silver iodo- 

30 bromide is prefen-ed in the practice of the invention. Most preferred is silver iodobromide preferably having a silver 
iodide content of 0.1 to 40 mol%. especially 0.1 to 20 mol%. The halogen composition in grains may have a uniform 
distribution or a non-uniform distribution wherein the halogen concentration changes in a stepped or continuous man- 
ner. Preferred are silver iodobromide grains having a higher silver iodide content in the interior. Silver halide grains of 
the core/shell structure are also useful. Such core/^hell grains preferably have a multilayer structure of 2 to 5 layers, 

35 more preferably 2 to 4 layers. 

Preferably the photosensitive silver halide grains used herein contain at least one complex of a metal selected from 
the group consisting of rhodium, iridium, ruthenium, rhenium, osmium, cobalt, and iron. The metal complexes may be 
used alone or in admixture of two or more complexes of a common metal or different metals. An appropriate amount of 
the metal complex is 1 nmol to 10 mmol, more preferably 10 nmol to 100 jimol per mol of silver. Illustrative metal com- 

40 plex structures are those described in JP-A 225449/1 995. 

The rhodium compounds used herein are preferably water-soluble rhodium compounds. Examples indude rho- 
dlum(lll) haiides and rhodium complex salts having halogens, amines and oxalates as a ligand. for example, hexachlo- 
rorhodium (III) complex salt, hexabromorhodium(lll) complex salt, hexaminerhodium(lll) complex salt, and 
trizalatorhodium(lll) complex salt. These rhocfium compounds are used as a solution in water or a suitable solvent. One 

45 method often used for stabilizing a solution of a rhodium compound is by adding an aqueous solution of hydrogen halide 
(e.g.. hydrochloric acid, hydrobromic acid, and hydrofluoric acid) or an alkali halide (e.g., KCI, NaCI. KBr. and NaBr). 
Instead of using water-soluble rhodium compounds, a rhodium compound can be dissolved during preparation of silver 
halide by adding separate silver halide grains doped with rhodium thereto. The iridium compounds used herein include 
hexachloroiridium, hexabromoiridium. and hexamineiridium. The ruthenium compounds used herein include hexachlo- 

50 roruthenium and pentachloronitrosilruthenium. The cobalt and iron compounds are preferably hexacyano metal com- 
plexes while illustrative, non-limiting examples include a ferricyanate ion, ferrocyanate ion, and hexacyanocobaltate ion. 
The distribution of the metal complex in silver halide grains is not critical. That is, the metal conplex may be contained 
in silver halide grains to form a uniform phase or at a high concentration in either the core or the shell. 

Photosensitive silver halide grains may be desalted by any of well-known water washing methods such as noodle 

55 and flocculation methods although silver halide grains may be either desalted or not according to the invention. 

The photosensitive silver halide grains used herein should preferably be chemically sensitized. Preferred chemical 
sensitization methods are sulfur, selenium, and tellurium sensitization methods which are well known in the art. Also 
useful are a noble metal sensitization method using compounds of gold, platinum, palladium, and iridium and a reduc- 
tion sensitization method. In the sulfur, selenium, and tellurium sensitization methods, any of compounds well known 
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for the purpose may be used. For example, the compounds described in JP-A 128768/1995 are useful. Exemplary tel- 
lurium sensitizing agents include diacyltellurides, bis(oxycarbonyl)tellurides, bis(Garbamoyl)tellurides, bis(oxycarbo- 
nyl)ditellurides, bis{carbamoyl)ditellurides, compounds having a P=Te bond, tellurocarboxylic salts, Te- 
organyltellurocarboxytic esters, di(poly)tellurides, tellurides, telluroles. telturoacetals. tellurosuKbnates, compounds 

5 having a P-Te bond. Te-containing heterocycles, tellurocarbonyl compounds, inorganic tellurium compounds, and col- 
loidal tellurium. The preferred compounds used In the noble metal sensitization method include chloroauric acrd. potas- 
sium chloroaurate, potassium aurlthiocyanate, gold sulfide, and gold selenide as well as the compounds described in 
USP 2.448,060 and UKP 618,061. Illustrative examples of the compound used in the reduction sensitization method 
include ascorbic acid, thiourea dioxide, stannous chloride, aminoiminomethanesulfinic acid, hydrazine derivatives, 

10 boran compounds, silane compounds, and polyamine compounds. Reduction sensitization may also be accomplished 
by ripening the emulsion while maintaining it at pH 7 or higher or at pAg 8.3 or lower. Reduction sensitization can also 
be accomplished by introducing a single addition portion of silver ion during grain formation. 

According to the invention, the photosensitive silver halide is preferably used in an amount of 0.01 to 0.5 mol. more 
preferably 0.02 to 0.3 mol, most preferably 0.03 to 0.25 mol per mol of the organic silver salt. With respect to a method 

15 and conditions of admixing the separately prepared photosensitive silver halide and organic silver salt, there may be 
used a method of admixing the separately prepared photosensitive silver halide and organic silver salt in a high speed 
agitator, ball mill, sand mill, colloidal mill, vibratory mill or homogenizer or a method of preparing an organic silver salt 
by adding the already prepared photosensitive silver halide at any timing during preparation of an organic silver salt. 
Any desired mixing method may be used insofar as the benefits of the invention are fully achievable. 

20 

Organic silver salt 

The reducible silver sources used herein are preferably silver salts of organic and hetero-organic acids containing 
a reducible silver ion source. 

25 The organic silver salt used herein is relatively stable to light, but forms a silver image when heated at 80°C or 
higher in the presence of an exposed photocatalyst (as typified by a latent image of photosensitive silver halide) and a 
reducing agent. The organic silver salt may be of any desired organic conrpound containing a source capable of reduc- 
ing silver ion. Preferred are silver salts of organic acids, typically long chain aliphatic carboxylic acids having 10 to 30 
carbon atoms, especially 15 to 28 carbon atoms. Also preferred are complexes of organic or inorganic silver salts with 

30 ligands having a stability constant in the range of 4.0 to 10.0. A silver-providing substance is preferably used in an 
amount of about 5 to 30% by weight of an image forming layer. Preferred organic silver salts include silver salts of 
organic compounds having a carboxyl group. Examples include silver salts of aliphatic carboxylic acids and silver salts 
of aronriatic carboxylic acids though not limited thereto. Preferred examples of the silver salt of aliphatic cartx)xylic acid 
include silver behenate, silver stearate. silver deate. silver laurate, silver caproate, silver myristate. silver palmitate, sil- 

35 ver maleate, silver fumarate. silver tartrate, silver linolate, silver butyrate, silver camphorate and mixtures thereof. Silver 
behenate is the preferred silver source. 

Silver salts of compounds having a mercapto or thion group and derivatives thereof are also useful. Preferred 
examples of these compounds include a silver salt of 3-mercapto-4-phenyl-1 ,2,4-triazole, a silver salt of 2-mercapto- 
benzimidazole, a silver salt of 2-mercapto-5-aminothiadiazole, a silver salt of 2-(ethylglycolamido)benzothlazole, silver 

40 salts of thioglycolic acids such as silver salts of S-alkylthloglycolic acids wherein the alkyi group has 12 to 22 cartx)n 
atoms, silver salts of dithiocarboxylic acids such as a silver salt of dithioacetic acid, silver salts of thioamides, a silver 
salt of 5-carboxyl-1-methyl-2-phenyl-4-thiopyridine, silver salts of mercaptotriazines, a silver salt of 2-mercaptobenzox- 
azole as well as silver salts of 1 ,2,4-mercaptothiazole derivatives such as a silver salt of 3-amino-5-benzylthio-1 ,2,4-thi- 
azole as described in USP 4,123,274 and silver salts of thion compounds such as a silver salt of 3-(3-carboxyethyl)-4- 

45 methyl-4-thiazoline-2-thione as described in USP 3,301 ,678. Compounds containing an imino group may also be used. 
Preferred examples of these compounds include silver salts of benzotriazole and derivatives thereof, for example, silver 
salts of benzotriazoles such as silver methylbenzotriazole, silver salts of halogenated benzotriazoles such as silver 5- 
chlorobenzotriazde as well as silver salts of 1 ,2.4-triazole and 1 -H-tetrazole and silver salts of imidazole and imidazole 
derivatives as described in USP 4,220,709. Also useful are various silver acetylide compounds as described, for exam- 

50 pie, in USP 4,761.361 and 4.775.613. 

The organic silver salt which can be used herein may take any desired shape although needle crystals having a 
minor axis and a major axis are preferred. The inverse proportional relationship between the size of silver salt crystal 
grains and their covering power that is well known for photosensitive silver halide materials also applies to the photo- 
thermographic material of the present invention. That is. as organic silver salt grains constituting image forming regions 

55 of photothermographic material increase in size, the covering power becomes smaller and the image density becomes 
lower. It is thus necessary to reduce the grain size. In the practice of the invention, grains should preferably have a mi nor 
axis of 0.01 |im to 0.20 jim, more preferably 0.01 Mm to 0.15 ium and a major axis of 0.10 ^m to 5.0 ^m, more preferably 
0.10 fim to 4.0 fxm. The grain size distribution is desirably monodisperse. The monodisperse distribution means that a 
standard deviation of the length of minor and major axes divided by the length, respectively, expressed in percent, is 



66 

BNSDOCID: <EP O8O7a50Al I > 



EP0807 850 A1 



preferably up to 100%. more preferably up to 80%. most preferably up to 50%. It can be determined from the measure- 
ment of the shape of organic silver salt grains using an image obtained through a transmission electron microscope. 
Another method for determining a monodisperse distribution is to determine a standard deviation of a volume weighed 
mean diameter. The standard deviation divided by the volume weighed mean diameter, expressed in percent, which is 

5 a coefficient of variation, is preferably up to 100%. more preferably up to 80%, most preferably up to 50%. It may be 
determined by in-adiatlng laser light, for example, to organic silver salt grains dispersed in liquid and determining the 
autocorrelation function of the fluctuation of scattering light relative to a time change, and obtaining the grain size (vol- 
ume weighed mean diameter) therefrom. 

The reducible silver source is preferably used in such amounts to give a coverage of up to 3 g/m^, especially up to 

10 2 g/m^ of silver. 

An antifoggant may be contained in the photosensitive material according to the invention. The most effective anti- 
foggant was mercury ion. Use of a mercury compound as the antifoggant in photosensitive material is disclosed, for 
example, in USP 3.589,903. Mercury compounds, however, are undesirable from the environmental aspect. Preferred 
in this regard are non-mercury antlfbggants as disclosed, for example, in USP 4.546,075 and 4.452.885 and JP-A 
75 57234/1984. 

With antifoggants. stabilizers and stabilizer precursors, the silver halide emulsion and/or organic silver salt accord- 
ing to the invention can be further protected against formation of additional fog and stabilized against lowering of sen- 
sitivity during shelf storage. Suitable antifoggants, stabilizers and stabilizer precursors which can be used alone or in 
combination include thiazonium salts as described in USP 2.1 31 .038 and 2.694.716, azaindenes as described in USP 

20 2,886,437 and 2.444,605, mercury salts as described in USP 2,728.663. urazoles as described in USP 3,287.135. sul- 
focatechols as described in USP 3,235.652, oximes, nitrons and nitroindazoles as described in UKP 623.448. polyva- 
lent metal salts as described In USP 2,839,405, thiuronlum salts as described in USP 3.220,839. palladium, platinum 
and gold salts as described in USP 2.566.263 and 2,597.915, halogen-substituted organic compounds as described in 
USP 4.108.665 and 4,442,202, triazines as described in USP 4.128,557. 4,137.079, 4.138.365 and 4.459.350. and 

25 phosphorus compounds as described in USP 4,41 1 ,985. 

Especially preferred antifoggants used herein are compounds as disclosed In USP 3.874,946 and 4.756.999 and 
heterocyclic compounds having at least one substituent represented by -C(X^)(X^(X^) wherein and X^ are halogen 
atoms such as F. CI. Br. and I. and X^ is hydrogen or halogen. Preferred examples of the heterocyclic compound are 
shown below. 

30 
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25 

More preferred antifoggants are the heterocyclic compounds disclosed in USP 5.028.523. British Patent Applica- 
tion Nos. 92221383.4. 9300147.7 and 9311 790.1. 

The photosensitive silver halide emulsion may be spectrally sensitized to blue, green, red or infrared light of rela- 
tively long wavelength with sensitizing dyes. The sensitizing dyes used herein include cyanine dyes, merocyanine dyes, 
30 complex cyanine dyes, complex merocyanine dyes, holopolar cyanine dyes, styryl dyes, hemicyanine dyes, oxonol 
dyes, and hemioxonol dyes. 

In the photothermographic material according to the invention, there may be used sensitizing dyes as disclosed in 
JP-A 159841/1988, 140335/1985. 231437/1988. 259651/1988, 304242/1988. and 15245/1988. USP 4.639.414. 
4.740,445, 4.741 ,966, 4.751.175, and 4,835,096. 

35 Useful sensitizing dyes which can be used herein are described in Research Disclosure. Item 1 7643 IV-A (Decem- 
ber 1978, page 23), ibid., Item 1831 X (/Vugust 1979, page 437) and the references cited therein. 

It is advantageous to select a sensitizing dye having appropriate spectral sensitivity to the spectral properties of a 
particular light source of various scanners. 

Exemplary sensitizing dyes include (A) simple merocyanines as described in JP-A 162247/1985 and 48653/1990, 

40 USP 2.161,331. W. German Patent No. 936,071, and Japanese Patent Application No. 189532/1991 for argon laser 
light sources; (B) tri-nucleus cyanine dyes as described In JP-A 62425/1 975. 1 8726/1 979 and 1 02229/1 984 and mero- 
cyanines as desaibed in Japanese Patent Application No. 103272/1994 for He-Ne laser light sources; (C) thiacarbocy- 
anines as described in JP-B 42172/1973, 9609/1976, 39818/1980, JP-A 284343/1987 and 105135/1990 for LED light 
sources and red semiconductor laser light sources; and (D) tricartDocyanines as described in JP-A 191032/1984 and 

45 80841/1985 and 4-quinoline nucleus-containing dicarbocyanines as described in JP-A ^^2242J^9B4 and 67242/1991 
(as represented by formulae (Ilia) and (I lib) therein) for infrared semiconductor laser light sources. 

These sensitizing dyes are more illustratively described. Exemplary sensitizing dyes include (A) compounds (l)-1 
to (l)-8 described in JP-A 162247/1985, compounds 1-1 to 1-28 described in JP-A 48653/1990, compounds 1-1 to 1-13 
described in JP-A 330434/1992, compounds of Examples 1 to 14 described in USP 2,161 .331 , and compounds 1 to 7 

50 desCTibed in W. German Patent No. 936,071 for argon laser light sources; (B) compounds 1-1 to 1-38 described in JP-A 
18726/1979. compounds 1-1 to 1-35 described in JP-A 75322/1994. and compounds 1-1 to 1-34 described in JP-A 
287338/1995 for He-Ne laser light sources; (C) dyes 1 to 20 described in JP-B 39818/1980. compounds 1-1 to 1-37 
described in JP-A 284343/1987. and compounds 1-1 to 1-34 described in JP-A 287338/1995 for LED light sources: (D) 
compounds 1-1 to 1-12 described in JP-A 191032/1984. compounds 1-1 to 1-22 described in JP-A 80841/1985. com- 

55 pounds 1-1 to 1-29 described in JP-A 335342/1 992. and compounds 1-1 to 1-18 described in JP-A 192242/1984 for sem- 
iconductor laser light sources; (E) compounds (1) to (19) of general formula [1] described in JP-A 45015/1980. 
compounds 1-1 to 1-97 described in Japanese Patent /Application No. 346193/1995, and compounds 4- A to 4-S, 5-A to 
5-Q, and 6-A to 6-T described in JP-A 242547/1 994 for tungsten and xenon light sources for printing plate-forming cam- 
eras. 
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For combined use with the organic silver salt, an advantageous choice is made of the sensitizing dyes described in 
Japanese Patent Application No. 132838/1996. 

These sensitizing dyes may be used alone or in admixture of two or more. A combination of sensitizing dyes is often 
used for the purpose of supersensitization. In addition to the sensitizing dye, the emulsion may contain a dye which 
itself has no spectral sensitization function or a compound which does not substantially absorb visible light, but is capa- 
ble of supersensitization. 

Useful sensitizing dyes, combinations of sensitizing dyes providing supersensitization. and compounds providing 
supersensitization are described in Research Disclosure. Vol. 176. 17643 (December 1978). item IV-J on page 23, JP- 
B 25500/1974 and 4933/1968, JP-A 19032/1984 and 192242/1984. 

The sensitizing dye is added to a silver halide emulsion by dispersing the dye directly in the emulsion or by dissolv- 
ing the dye In a suitable solvent or a mixture of solvents and adding the solution to the emulsion. The solvents used 
herein include water, methanol, ethanol, propanol, acetone, methyl cellosolve. 2,2.3,3-tetrafluoropropanol. 2.2.2-trif- 
luoroethanol. 3-methoxy-1 -propanol, 3-methoxy-1-butanol, 1 -methoxy-2-propanol and N,N-dimethylformam!de. 

Also useful are a method of dissolving a dye In a volatile organic solvent, dispersing the solution in water or 
hydrophilic colloid and adding the-dispersion to an emulsion as disclosed in USP 3.469,987, a method of dissolving a 
dye in an acid and adding the solution to an emulsion or forming an aqueous solution of a dye with the aid of an add or 
base and adding it to an emulsion as disclosed in JP-B 23389/1969. 27555/1969 and 22091/1982. a method of forming 
an aqueous solution or colloidal dispersion of a dye with the aid of a surfactant and adding it to an emulsion as disclosed 
In USP 3,822,135 and 4,006.025. a method of directly dispersing a dye in hydrophilic colloid and adding the dispersion 
to an emulsion as disclosed in JP-A 102733/1978 and 105141/1983. and a method of dissolving a dye using a com- 
pound capable of red shift and adding the solution to an emulsion as disclosed in JP-A 74624/1 976. It is also acceptable 
to apply ultrasonic waves to a solution. 

The time when the sensitizing dye is added to the silver halide emulsion according to the invention is at any step of 
an emulsion preparing process which has been acknowledged effective. The sensitizing dye may be added to the emul- 
sion at any stage or step before the emulsion is coated, for example, at a stage prior to the silver halide grain forming 
step and/or desalting step, during the desalting step and/or a stage from desalting to the start of chemical ripening as 
disclosed in USP 2.735.766. 3.628.960. 4.183.756. and 4.225.666. JP-A 184142/1983 and 196749/1985. and a stage 
immediately before or during chemical ripening and a stage from chemical ripening to emulsion coating as disclosed in 
JP-A 1 13920/1983. Also as disclosed in USP 4,225,666 and JP-A 7629/1983. an identical compound may be added 
alone or in combination with a compound of different structure in divided portions, for example, in divided portions dur- 
ing a grain forming step and during a chemical ripening step or after the completion of chemical ripening, or before or 
during chemical ripening and after the completion thereof. The type of compound or the combination of compounds to 
be added in divided portions may be changed. 

The amount of the sensitizing dye added varies with the shape, size and halogen composition of silver halide 
grains, the method and extent of chemical sensitization, and the type of antifbggant although the amount is generally 
4x10'^ to 8x10-2 j^Qi pgr n^oi of silver halide. Where silver halide grains have a size of 0.2 to 1 .3 ^im. the amount of the 
sensitizing dye added is preferably 2x10"^ to 3.5x10"® mol, more preferably 6.5x10-^ to 2.0x10-^ mol per square meter 
of the surface area of silver halide grains. 

In the photothermographic material of the invention, mercapto. disulfide and thion conrpounds may be added for 
the purposes of retarding or accelerating development to control development. Improving spectral sensitization effi- 
ciency, and Improving storage stability before and after development. 

Where mercapto compounds are used herein, any structure Is acceptable. Prefen-ed are structures represented by 
Ar-SM and Ar-S-S- Ar wherein M is a hydrogen atom or alkali metal atom, and Ar is an aromatic ring or fused aromatic 
ring having at least one nitrogen, sulfur, oxygen, selenium or tellurium atom. Preferred hetero-aromatic rings are benz- 
imldazole. naphthimidazole. benzothiazole. naphthothiazole, benzoxazole. naphthoxazole. benzoselenazole. benzotel- 
lurazole. imidazole, oxazole. pyrrazole. triazole, thiadiazole. tetrazole. triazine, pyrimidine. pyridazine. pyrazine. 
pyridine! purine, quinoline and quinazolinone rings. These hetero-aromatic rings may have a substituent selected from 
the group consisting of halogen (e.g., Br and CI), hydroxy, amino, carboxy, alkyi groups (having at least 1 carbon atom, 
preferably 1 to 4 carbon atoms), and alkoxy groups (having at least 1 carbon atom, preferably 1 to 4 carbon atoms). 
Illustrative, non-limiting examples of the mercapto-substituted hetero-aromatic compound include 2-mercaptobenzimi- 
dazole. 2-mercaptobenzoxazole. 2-mercaplobenzothiazole. 2-mercapto-5-methylbenzimidazole. 6-ethoxy-2-mercapto- 
benzothiazole. 2.2*^ithiobis(benzothiazole). 3-mercapto-1 ,2.4-triazole. 4.5-diphenyl-2-imidazolethiol, 2- 
mercaptolmidazole, 1 -ethyl-2-mercaptobenzimidazole. 2-mercaptoquinoline. 8-mercaptopurine. 2-mercapto- 
4(3H)quinazolinone. 7-trifluoromethyl-4-quinolinethiol. 2,3.5.6-tetrachloro-4-pyridinethiol, 4-amino-6-hydroxy-2-mer- 
captopyrimidine monohydrate. 2-amino-5-mercapto-1.3.4-thiadiazole. 3-amino-5-mercapto-1.2.4-triazole. 4-hydroxy-2- 
mercaptopyrimidine, 2-mercaptopyrimidine. 4,6-diamino-2-mercaptopyrimidine. 2-mercapto-4-methylpyrimidine hydro- 
chloride, 3-mercapto-5-phenyl-1.2.4-triazole. and 2-mercapto-4-phenyloxazole. 

These mercapto compounds are preferably added to the emulsion layer in amounts of 0.001 to 1 .0 mol. more pref- 
erably 0.01 to 0.3 mol per mol of silver. 
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In the photosensitive layer, poiyhydric alcohols (e.g.. glycerin and diols as described in USP 2.960,404), fatty acids 
and esters thereof as described in USP 2.588,765 and 3.121,060. and silicone resins as described in UKP 955.061 
may be added as a plasticizer and lubricant. 

According to the invention, a hardener may be used in various layers including a photosensitive layer, protective 
5 layer, and back layer. Examples of the hardener include polyisocyanates as described in USP 4,281 .060 and JP-A 
208193/1994. epoxy compounds as described in USP 4,791 ,042, and vinyl sulfbnes as described in JP-A 89048/1987. 

In the practice of the invention, a surfactant may be used for the purposes of improving coating and electric charg- 
ing properties. The surfactant used herein may be nonionic, anionic or cationic or a fluorinated one. Examples include 
fluorinated polymer surfactants as described in JP-A 170950/1987 and USP 5.382.504. fluorinated surfactants as 
10 described in JP-A 244945/1 985 and 1 881 35/1 988. polysiloxane surfactants as desaibed in USP 3.885.965, and poly- 
alkylene oxide and anionic surfactants as described in JP-A 301140/1994. 

A surface protective layer may be provided in the photosensitive material according to the present invention for the 
purpose of preventing adhesion of an image forming layer. The surface protective layer may be formed of any adhesion- 
preventing material. Examples of the adhesion-preventing material include wax. silica particles, slyrene-oontaining 
75 elastomertc block copolymers (e.g., styrene-butadiene-styrene and styrene-isoprene-styrene). cellulose acetate, cellu- 
lose acetate butyrate. cellulose propionate and mixtures thereof. 

In the emulsion layer or a protective layer therefor according to the invention, there may be used light absorbing 
substances and filter dyes as described in USP 3.253.921. 2,274,782, 2.527.583, and 2,956.879. The dyes may be 
mordanted as described in USP 3,282,699. 
20 In the emulsion layer or a protective layer therefor according to the invention, there may be used matte agents, for 

example, starch, titanium dioxide, zinc oxide, and silica as well as polymer beads including beads of the type described 
in USP 2,992,101 and 2,701 ,245. The emulsion surface may have any degree of matte insofar as no star dust failures 
occur although a Bekk smoothness of 1 .000 to 10.000 seconds, especially 2.000 to 10.000 seconds is preferred. 

For the exposure of photothermographic photosensitive material according to the invention, the use of an Ar laser 
25 (488 nm). He-Ne laser (633 nm). red semiconductor laser (670 nm) and infrared semiconductor laser (780 and 830 nm) 
is preferred. 

In the photothermographic material of the invention, a dye may be contained for the purpose of preventing halation, 
irradiation, and safe light fogging. 

For Ar lasers. He-Ne lasers, and red semiconductor lasers, a dye is preferably added so as to provide an absorb- 

30 ance of at least 0.3. more preferably at least 0.6. most preferably at least 0.8 at an exposure wavelength in the range of 
400 to 750 nm. For an infrared semiconductor laser, a dye is preferably added so as to provide an absorbance of at least 
0.3. nrujre preferably at least 0.6, most preferably at least 0.8 at an exposure wavelength in the range of 750 to 1 500 nm. 
The dyes may be used alone or in admixture of two or more. The dye preferably has an alDSorbance of less than 0.5. 
more preferably less than 0.2 in the visible region of 300 to 700 nm after heat development. 

35 The dyes used herein may be any compounds which have absorption in the desired wavelength range and suffi- 
ciently low absorption in the visible region and provide a desired absorbance spectral profile. Exemplary compounds 
are described in USP 5.380.635. JP-A 13295/1995. 68539/1990 (pages 13 to 14), and 24539/1991 (pages 14 to 16). 

For anti-halation and anti-Irradiation purposes, the dye is preferably added to a photosensitive layer on a support, 
a non-photosensitive layer between the photosensitive layer and the support, or a non-photosensitive layer on the sup- 

40 port remote from the photosensitive layer. For the purpose of preventing safe light fogging, the dye is preferably added 
to a protective layer or a non-photosensitive layer on the support remote from the photosensitive layer. 

The photothermographic material of the present invention is preferably in the form of a one-side photosensitive 
material having at least one photosensitive layer containing a silver halide emulsion on one surfeice of a support and a 
back layer on the other surface thereof. 

45 In the practice of the invention, a matte agent may be added to the one-side photosensitive material for improving 

feed efficiency The matte agent used herein is generally a microparticulate water-insoluble organic or inorganic com- 
pound. There may be used any desired one of matte agents, for example, well-known matte agents including organic 
matte agents as described in USP 1,939.213. 2,701.245, 2,322,037, 3.262,782, 3.539.344. and 3.767.448 and inor- 
ganic matte agents as described in USP 1.260.772. 2.192,241 , 3,257.206, 3,370,951. 3.523,022. and 3,769.020. Illus- 

50 trative examples of the organic compound which can be used as the matte agent are given below; exemplary water- 
dispersible vinyl polymers include polymethyi acrylate. polymethyl methacrylate. polyacrylonitrile, acrylonitrile-a-meth- 
ylstyrene copolymers, polystyrene, styrene-divinylbenzene copolymers, polyvinyl acetate, polyethylene carbonate, and 
polytetrafluoroethylene; exemplary cellulose derivatives include methyl cellulose, cellulose acetate, and cellulose ace- 
tate propionate: exemplary starch derivatives include carboxystarch, carboxynitrophenyl starch, urea-fbrmaldehyde- 

55 starch reaction products, gelatin hardened with well-known curing agents, and hardened gelatin which has been 
coaceruvation hardened into microcapsulated hollow particles. Prefen-ed examples of the inorganic compound which 
can be used as the matte agent include silicon dioxide, titanium dioxide, magnesium dioxide, aluminum oxide, barium 
sulfate, calcium carlx5nate. silver chloride and silver bromide desensitized by a well-known method, glass, and diatom- 
aceous earth. The aforementioned matte agents may be used as a mixture of substances of different types if necessary. 
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The size and shape of the matte agent are not critical. The matte agent of any particle size may be used although matte 
agents having a particle size of 0.1 to 30 ^m are preferably used in the practice of the invention. The particle size 
distribution of the matte agent may be either narrow or wide. Nevertheless, since the haze and surface luster of photo- 
sensitive material are largely affected by the matte agent, it is preferred to adjust the particle size, shape and particle 

5 size distribution of a matte agent as desired during preparation of the matte agent or by mixing plural matte agents. 

In the practice of the invention, the backing layer should preferably have a degree of matte as expressed by a Bekk 
smoothness of 10 to 250 seconds, more preferably 50 to 180 seconds. 

In the photosensitive material of the invention, the matte agent is preferably contained in an outermost surface 
layer, a layer functioning as an outermost surface layer, a layer cbse to the outer surface or a layer functioning as a so- 

10 called protective layer. 

In the practice of the invention, the binder used in the backing layer is preferably transparent or semi-transparent 
and generally colorless. Exemplary binders are naturally occurring polymers, synthetic resins, polymers and copoly- 
mers, and other film-forming media, for example, gelatin, gum arabic. poly(vinyl alcohol), hydroxyethyl cellulose, cellu- 
lose acetate, cellulose acetate butyrate. poty(vlnyl pyrrolidone), casein, starch, poly(acrylic acid), poly(methyl 
15 methacrylate), polyvinyl chloride. poly(methacrylic acid), copoly(styrene-maleic anhydride). copoly(styrene-acryloni- 
trile), copoly(styrene-butadiene), polyvinyl acetals (e.g., polyvinyl formal and polyvinyl butyral), polyesters, poly- 
urethanes, phenoxy resins, poly(vinylidene chloride), polyepoxides, polycarbonates, poly(vinyl acetate), cellulose 
esters, and polyamides. The binder may be dispersed in water, organic solvent or emulsion to form a dispersion which 
is coated to form a layer. 

20 According to the invention, the photothermographic emulsion can be coated on a wide variety of supports. Typical 

supports include paper, synthetic paper, paper laminated with synthetic resins (e.g., polyethylene, polypropylene and 
polystyrene), plastic films (e.g., polyethylene terephthalate. polycarbonate, polyimide, nylon, and cellulose triacetate), 
metal sheets (e.g., aluminum, aluminum alloy, zinc, iron and copper), and paper and plastic films having such metals 
laminated or evaporated thereon. Often used are flexible substrates, typically paper supports, specifically baryta paper 
25 and paper supports coated with partially acetylated a-olefin polymers, especially polymers of a-olefins having 2 to 10 
carbon atoms such as polyethylene, polypropylene, and ethylene-butene copolymers. The support may be either trans- 
parent or opaque, preferably transparent. 

When plastic film is passed through a photothermographic processor, the film experiences dimensional shrinkage 
or expansion. When the photosensitive material is intended for printing purposes, this dimensional shrinkage or expan- 
se sion gives rise to a serious problem for precision multi-color printing. Therefore, the invention favors the use of a film 
experiencing a minimal dimensional change. Exemplary materials are styrene polymers having a syndiotactic structure 
and heat-treated polyethylene. Also useful are materials having a high glass transition temperature, for example, poly- 
ether ethyl ketone, polystyrene, polysulfone. polyether sulfone, and polyarylate. 

A backside resistive heating layer as described in USP 4.460.681 and 4.374.921 may be used in a photothermo- 
35 graphic image system according to the present invention. 

The photosensitive material of the invention may have an antistatic or electroconductive layer, for example, a layer 
containing soluble salts (e.g., chlorides and nitrates), a metallized layer, or a layer containing ionic polymers as 
described in USP 2.861,056 and 3,206.312 or insoluble Inorganic salts as described in USP 3.428.451 . 

A method for producing color images using the photothermographic material of the invention is as described In JP- 
40 A 13295/1995, page 10, left column, line 43 to page 1 1 , left column, line 40. Stabilizers for color dye images are exem- 
plified in UKP 1.326.889. USP 3,432.300. 3.698,909. 3,574,627. 3,573.050. 3.764.337. and 4.042.394. 

In the practice of the invention, the photothermographic emulsion can be coated by various coating procedures 
including dip coating, air knife coating, flow coating, and extrusion coating using a hopper of the type described in USP 
2,681 ,294. If desired, two or more layers may be concurrently coated by the methods described in USP 2.761,791 and 
45 UKP 837,095. 

In the photothermographic material of the invention, there may be contained additional layers, for example, a dye 
accepting layer for accepting a mobile dye image, an opacifying layer when reflection printing is desired, a protective 
topcoat layer, and a primer layer well known in the photothermographic art The photosensitive material of the invention 
is preferably such that only a single sheet of the photosensitive material can form an image. That is. it is preferred that 
so a functional layer necessary to form an innage such as an image receiving layer does not constitute a separate photo- 
sensitive material. 

EXAMPLE 

55 Examples of the present invention are given below by way of illustration and not by way of limitation. 
The trade names used in Examples have the following meaning. 

CAB 171-15S: cellulose acetate butyrate by Eastman Chemical Products, Inc. 
Denka Butyral: polyvinyl butyral by Denki Kagaku Kogyo K.K. 
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Megafax F-176P: fluorinated surfactant by Dai-Nihon Ink Chemical Industry K.K. 

Sildex: spherical silica by Dokai Chemical K.K. 

Sumidur N3500: pclyisocyanate by Sumltomo-Bayern Urethane K.K. 

5 Example 1 

Preparation of organic acid silver salt emulsion A 

To 12 liters of water were added 840 grams of behenic acid and 95 grams of stearic acid. To the solution kept at 
10 BQ^'C, a solution of 48 grams of sodium hydroxide and 63 grams of sodium carbonate in 1 .5 liters of water was added. 
The solution was stirred for 30 minutes and then cooled to 50**C whereupon 1.1 liters of a 1% aqueous solution of N- 
bromosuccinimide was added. With stirring. 2.3 liters of a 17% aqueous solution of silver nitrate was slowly added. 
While the solution was kept at 35**C. with stirring. 1 .5 liters of a 2% aqueous solution of potassium bromide was added 
over 2 minutes. The solution was stirred for 30 minutes whereupon 2.4 liters of a 1% aqueous solution of N-bromosuc- 
15 cinimide was added. With stirring. 3,300 grams of a 1 .2 wt% butyl acetate solution of polyvinyl acetate was added to the 
aqueous mixture. The mixture was allowed to stand for 10 minutes, separating into two layers. After the aqueous layer 
was removed, the remaining gel was washed twice with water. There was obtained a gel-like mixture of silver behenate. 
silver stearate. and silver bromide, which was dispersed in 1 .800 grams of a 2.6% butanone solution of polyvinyl butyral 
(Denka Butyral #3000-K). The dispersion was further dispersed in 600 grams of polyvinyl butyral (Denka Butyral #4000- 
20 2) and 300 grams of isopropyl alcohol, obtaining an organic acid silver salt emulsion of needle grains having a mean 
minor diameter of 0.05 ^un, a mean major diameter of 1 .2 jim, and a coefficient of variation of 25%. 

Preparation of emulsion laver coating solution A 

25 Various chemicals were added to the above-prepared organic acid silver salt emulsion as follows. It is noted that 
the amounts of chemicals added are expressed per mol of silver. With stirring at 25°C, 10 mg of sodium phenylthiosul- 
fonate. 75 mg of sensitizing dye A. 2 grams of 2-mercapto-5-methylbenzimidazole. 1 gram of 2-mercapto-5-methylben- 
zothiazole, 21.5 grams of 4-chlorobenzophenone-2-carboxy!ic acid. 580 grams of 2-butanone. and 220 grams of 
dimethylfbrmamide were added to the emulsion, which was allowed to stand for 3 hours. With stinging, there were further 

30 added 4.5 grams of 4,6-ditrichloromethy!-2-phenyltriazine, 2 grams of disulfide conpound A. 160 grams of 1,1-bis(2- 
hydroxy-3.5-dimethylphenyl)-3,5.5-trimethylhexane, 15 grams of phthalazine, 5 grams of tetrachlorophthalic acid, an 
amount of a hydrazine derivative as reported in Table 19. 1 .1 grams of Megafax F-176R 590 grams off 2-butanone and 
10 grams of methyl isobutyl ketone. 
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Preparation of emulsion surface protective layer coating solution A 

5 A coating solution was prepared by dissolving 75 grams of CAB 1 71 -15S. 5.7 grams of 4-methylphthalic acid, 1 .5 

grams of tetrachlorophthallc anhydride. 10 grams of 2-trlbromomethylsulfonylbenzothiazole, 2 grams of phthalazone. 
0.3 grams of Megafax F-1 76R 2 grams of Sildex H31 (spherical silica having a mean particle size of 3 ^m), and 5 grams 
of Sumidur N3500 in 3,070 grams of 2-butanone and 30 grams of ethyl acetate. 

10 Preparation of back-coat ed supp ort 

A back layer coating solution was prepared by adding 6 grams of polyvinyl butyral (Denka Butyral #4000-2), 0.2 
gram of Sildex H121 (spherical silica having a mean particle size 12 ^m), 0.2 gram of Sildex H51 (spherical silica having 
a mean particle size 5 ^m), and 0.1 gram of Megafax F-1 75P to 64 grams of 2-propanol and stirring the mixture for dis- 
15 solving the components. A solution of 420 mg of dye A in 1 0 grams of methanol and 20 grams of acetone and a solution 
of 0.8 gram of 3-isocyanatomethyl-3,5.5-trimethylhexyl isocyanate in 6 grams of ethyl acetate were added to the solu- 
tion to complete the coating solution. 



20 

dye A 



25 



30 




35 Onto a polyethylene terephthalate film having a moisture-proof undercoat containing vinylidene chloride on either 
surface, the back layer coating solution was applied so as to provide an optical density of 0.7 at 633 nm. 

Preparation of coated sample 

40 Onto the thus prepared support, the emulsion layer coating solution was applied in a coverage of 2 g/m^ of silver. 
The emulsion surface protective layer coating solution was then applied onto the emulsion layer to form a protective 
layer having a dry thickness of 5 ^.m. 

Photographic property test 

45 

The photographic material samples were exposed by means of a He-Ne light source color scanner SG-608 by Dai- 
Nlhon Screen K.K. and heated for development at 1 1 5**C for 25 seconds on a heat drum. A hallde lamp was operated 
to Illuminate light to the developed samples for 15 seconds. The resulting images were determined for Dmax and sen- 
sitivity (S. an inversion of a ratio of an exposure dose providing a density higher by 1 .5 than Dmin) by a densitometer. 
so Gradation (y) is the gradient of a straight line connecting points of density 0.3 and 3.0 on a characteristic cun/e. The 
results are shown in Table 19. 

Peppgr fog t^$t 

55 An unexposed photosensitive material was developed on a heat drum at 120°C for 60 seconds whereupon the 
number of black pepper spots was visually counted and rated on a five-point scale with point "5" for the best quality and 
point "1 " for the worst quality. Point "3" is a practically acceptable limit and points "2" and "1" are practically unaccepta- 
ble. The results are shown In Table 19, 
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Table 19 

Pepper 







Compound 


AiIlv.lUll U 

(mol/Mol Ag) 


Dmax 


Sensitivity 


r 


£oc 
rating 




1* 






2 . 5 


0 . 80 


3 . 6 


5 


10 


2* 


A- 1 


9x10 




1 . 49 


13 - 3 


1 


3* 


A- 2 


9x10 




1 . 47 


13 . 4 


1 




4 


L 


7x10 




1 . 49 


13 . 1 


5 




5 




7X10 


4 . a 


1 . 47 


13 . 2 


5 


15 


6 




7x10 




1 . 48 


13.0 


5 




7 


e 
D 


7X10 


4-9 


1 .49 


13 . 4 


5 




8 


7 


7x10 


4-9 




13 . 1 


5 


SO 


9 


10 


7X10'^ 


4.6 


1.41 


12.8 


4 




10 


14 


7x10"^ 


4.6 


1.42 


12.9 


4 




11 


19 


7x10"^ 


4.8 


1,47 


13.4 


5 


25 


12 


28 


7x10"^ 


4.9 


1.43 


12.7 


4 




13 


29 


7x10"^ 


4.9 


1.49 


13.5 


5 




14 


31 


7x10"^ 


4.9 


1.45 


13-5 


5 


30 


15 


42 


7x10'^ 


4.9 


1.48 


13.5 


5 



♦comparison 

35 Note that compounds A-1 and A- 2 are described in USP 

5,496,695 and tiave the following formulae. 

compound A-1 

40 



45 

compound A- 2 

so 

55 

It is evident that photothermographic materials using hydrazine compounds within the scope of the invention satisfy 
all the requirements of high Dmax, high contrast and pepper fog. 
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Example 2 

Preparation of silver halide grains B 

5 In 900 ml of water were dissolved 7.5 grams of inert gelatin and 10 mg of potassium bromide. The solution was 

adjusted to pH 3.0 at a temperature of 35°C. To the solution, 370 ml of an aqueous solution containing 74 grams of silver 
nitrate and an aqueous solution containing potassium bromide and potassium iodide in a molar ratio of 94:6 and 
K4[Fe(CN)5] were added over 10 minutes by a controlled double jet method while maintaining the solution at pAg 7.7. 
Note that [Fe(CN)5]'*" was added in an amount of 3x10"^ molMiol of silver. Thereafter. 0.3 gram of 4-hydroxy-6-methyl- 

10 1 ,3.3a,7-tetraazaindene was added to the solution, which was adjusted to pH 5 with NaOH. There were obtained cubic 
silver iodobromide grains B having a mean grain size of 0.06 jim. a coefficient of variation of projected area of 8%, and 
a {100} plane ratio of 87%. The emulsion was desalted by adding a gelatin flocculant thereto to cause flocculation and 
sedimentation and then adjusted to pH 5.9 and pAg 7.5 by adding 0.1 gram of phenoxyethanol. 

15 Preparation of oroanic acid silver emulsion B 

A mixture of 10.6 grams of behenic acid and 300 ml of distilled water was mixed for 1 5 minutes at 90°C. With vig- 
orous stln-lng. 31.1 ml of 1 N sodium hydroxide was added over 15 minutes to the solution, which was allowed to stand 
at the temperature for one hour. The solution was then cooled to 30**C, 7 ml of 1N phosphoric acid was added thereto, 

20 and with more vigorous stirring, 0.13 gram of N-bromosuccinimide was added. Thereafter, with stirring, the aboveiDre- 
pared silver halide grains B were added to the solution in such an amount as to give 2.5 mmol of silver halide. Further, 
25 ml of 1 N silver nitrate aqueous solution was continuously added over 2 minutes, with stirring continued for a further 
90 minutes. With stin-ing, 37 grams of a 1.2 wt% butyl acetate solution of polyvinyl acetate was slowly added to the 
aqueous mixture to form floes in the dispersion. Water was removed, and water wasNng and water removal were 

25 repeated twice. With stirring, 20 grams of a solution of 2.5% by weight polyvinyl butyral (Denka Butyral #3000-K) in a 
1/2 solvent mixture of butyl acetate and isopropyl alcohol was added. To the thus obtained gel-like mixture of organic 
acid silver and silver halide. 7.8 grams of polyvinyl butyral (Denka Butyral #4000-2) and 57 grams of 2-butanone were 
added. The mixture was dispersed by a homogenizer. obtaining a silver behenate emulsion of needle grains having a 
mean minor diameter of 0.04 ^m. a mean major diameter of 1 |im and a coefficient of variation of 30%. 

30 

Preparation of emulsion layer coatino solution B 

Various chemicals were added to the above-prepared organic acid silver salt emulsion B as follows. It is noted that 
the amounts of chemicals added are expressed per mol of silver. With stirring at 25*»C, 10 mg of sodium phenylthiosul- 

35 fbnate, 85 mg of sensitizing dye A, 2 grams of 2-mercapto-5-methylbenzimidazole, 21 .5 grams of 4-chlorobenzophe- 
none-2-carboxylic acid. 580 grams of 2-butanone, and 220 grams of dimethylformamide were added to the emulsion, 
which was allowed to stand for 3 hours. Then, with stirring, 4 grams of 4,6-ditrichloromethyl-2-phenyltriazine, 2 grams 
of disulfide compound A, 170 grams of 1,1-bis(2-hydroxy-3,5-dimethylphenyl)-3.5.5-trimethylhexane. 5 grams of tetra- 
chlorophthalic acid. 15 grams of phthalazine. an amount of a hydrazine derivative as reported In Table 20. 1 .1 grams of 

40 Megafax F-1 76P. 590 grams of 2-butanone and 1 0 grams of methyl Isobutyl ketone were added. 

Emulsion surface protective laver coating solution 

A coating solution was prepared by dissolving 75 grams of CAB 171-15S. 5.7 grams of 4-methylphthalic acid, 1.5 
45 grams of tetrachlorophthalic anhydride. 8 grams of 5-tribronfX)methylsulfonyl-2-methylthiadiazole, 6 grams of 2-tribro- 
momethylsulfonylbenzothiazole, 3 grams of phthalazine. 0.3 grams of Megafax F-176P, 2 grams of Sildex H31 (spheri- 
cal silica having a mean particle size 3 \ar\), and 6 grams of Sumidur N3500 in 3,070 grams of 2-butanone and 30 grams 
of ethyl acetate. 

so Preparation of back-coated support 

A back layer coating solution was prepared by adding 6 grams of polyvinyl butyral (Denka Butyral #4000-2), 0.2 
gram of Sildex HI 21 (spherical silica having a mean particle size 12 nm), 0.2 gram of Sildex H51 (spherical silica having 
a mean particle size 5 nm), and 0.1 gram of Megafax F-1 76P to 64 grams of 2-propanol and stln-ing the mixture for dls- 
55 solving the components. A solution of 420 mg of dye A in 1 0 grams of methanol and 20 grams of acetone and a solution 
of 0.8 gram of 3-isocyanatomethyl-3,5,5-trimethylhexyl isocyanate in 6 grams of ethyl acetate were added to the solu- 
tion to complete the coating solution. 

Onto a polyethylene terephthalate film having a moisture-proof undercoat containing vinylidene chloride on either 
surface, the back layer coating solution was applied so as to provide an optical density of 0.7 at 633 nm. 
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It is noted that sensitizing dye A, disulfide compound A. and dye A used herein are as identified in Example 1 . 
Preparation of coated samole 

5 Onto the thus prepared support, the emulsion layer coating solution was applied in a coverage of 2 g/m^ of silver. 

The emulsion surface protecting layer coating solution was then applied onto the emulsion layer to form a protective 
layer having a dry thickness of 5 ^m. 

The samples were evaluated for photographic properties and pepper fog as in Example 1. The results are shown 
in Table 20. 



Table 20 









Amount fmol/Mol Aa) 


Dmax 


Sensitivity 


Y 


Pepper fog rating 




1* 






2.5 


0.80 


3.6 


5 


15 
















2* 


A-1 


9x10"^ 


4.9 


1.47 


13.1 


1 




3* 


A-2 


9x10'^ 


4.8 


1.45 


13.2 


1 




4 


1 


7x10-2 


4.9 


1.47 


12.9 


5 


20 


5 


2 


7x1 0"^ 


4.8 


1.45 


13.0 


5 




6 


3 


7x10-2 


4.9 


1.46 


12.8 


5 




7 


5 


7x10-2 


4.9 


1.47 


13.2 


5 


25 


8 


7 


7x10-2 


4.9 


1.45 


12.9 


5 




9 


10 


7x10-2 


4.6 


1.39 


12.7 


4 




10 


14 


7xl0"2 


4.6 


1.40 


12.8 


4 




11 


19 


7x1 0"2 


4.8 


1.45 


13.2 


5 


30 


12 


28 


7x10-2 


4.9 


1.41 


12.6 


4 




13 


29 


7x10-2 


4.9 


1.47 


13.3 


5 




14 


31 


7x10-2 


4.9 


1.43 


13.3 


5 


35 


15 


42 


7x10-2 


4.9 


1.46 


13.3 


5 



'comparison 

Note that compounds A-1 and A-2 are described in USP 5.496,695 and shown at the end of Table 19. 
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It is evident that photothermographic materials using hydrazine compounds within the scope of the invention satisfy 
all the requirements of high Dmax. high contrast and pepper fog. 

Example 3 

45 

Preparation of organic acid silver salt emulsion A 

To 12 liters of water were added 840 grams of behenic acid and 95 grams of stearic acid. To the solution kept at 
90°C, a solution of 48 grams of sodium hydroxide and 63 grams of sodium caitx)nate in 1 .5 liters of water was added. 

so The solution was stirred for 30 minutes and then cooled to 50°C whereupon 1.1 liters of a 1% aqueous solution of N- 
bromosuccinimide was added. With stirring, 2,3 liters of a 17% aqueous solution of silver nitrate was slowly added. 
While the solution was kept at 35*»C. with stining. 1 .5 liters of a 2% aqueous solution of potassium bromide was added 
over 2 minutes. The solution was stirred for 30 minutes whereupon 2.4 liters of a 1% aqueous solution of N-bromosuc- 
cinimide was added. With stinring, 3.300 grams of a 1 .2 wt% butyl acetat solution of polyvinyl acetate was added to the 

55 aqueous mixture. The mixture was allowed to stand for 10 minutes, separating into two layers. After the aqueous layer 
was removed, the remaining gel was washed twice with water. There was obtained a gel-like mixture of silver behenate. 
silver stearate. and silver bromide, which was dispersed in 1.800 grams of a 2.6% 2-butanone solution of polyvinyl 
butyral (Denka Butyral #3000-K). The dispersion was further dispersed in 600 grams of polyvinyl butyral (Denka Butyral 
#4000-2) and 300 grams of isopropyl alcohol, obtaining an organic acki silver salt emulsion of needle grains having a 
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mean minor diameter of 0.05 \im, a mean major diameter of 1 .2 ^m, and a coefficient of variation of 25%. 
Preparation of emulsion laver coatino solution A 

5 Various chemicals were added to the above-prepared organic acid silver salt emulsion as follows. It is noted that 

the amounts of chemicals added are expressed per mo! of silver. With stirring at 25°C. 10 mg of sodium phenylthiosul- 
fonate, 75 mg of sensitizing dye A, 2 grams of 2-mercapto-5-methylbenzimidazole. 1 gram of 2-mercapto-5-methylben- 
zothiazole. 21.5 grams of 4'Chlorobenzophenone-2'carboxylic acid, 580 grams of 2-butanone, and 220 grams of 
dimethylformamide were added to the emulsion, which was allowed to stand for 3 hours. With stirring, there were further 

10 added 4.5 grams of 4,6-ditrichloromethyl-2-phenyltriazine, 2 grams of disulfide compound A, 160 grams of 1,1-bis(2- 
hydroxy-3,5-dimethylphenyl)-3.5,5-trimethylhexane, 15 grams of phthalazine. 5 grams of tetrachlorophthalic acid, an 
amount of a hydrazine derivative as reported in Table 21 . 1 .1 grams of Megalax F-1 76P, 590 grams of 2-butanone and 
10 grams of methyl isobutyl ketone. 

15 Preparation of emulsion surface protective layer c oating solution A 

A coating solution was prepared by dissolving 75 grams of CAB 171-1 5S, 5.7 grams of 4-methylphthalic acid, 1 .5 
grams of tetrachlorophthalic anhydride, 10 grams of 2-tribromomethylsulfonylbenzothlazole. 2 grams of phthalazone, 
0.3 grams of Megafax F-1 76P, 2 grams of Slldex H31 (spherical silica having a mean particle size of 3 ^m), and 5 grams 
20 of Sumldur N3500 in 3.070 grams of 2-butanone and 30 grams of ethyl acetate. 

Preparation of back-coated support 

A back layer coating solution was prepared by adding 6 grams of polyvinyl kxjtyral (Denka Butyral #4000-2). 0.2 
25 gram of Sildex H121 (spherical silica having a mean particle size 12 ^m), 0.2 gram of Sildex H51 (spherical silica having 
a mean particle size 5 ^m), and 0.1 gram of Megafax F-1 76P to 64 grams of 2-propanol and stirring the mixture for dis- 
solving the components. A solution of 420 mg of dye A In 1 0 grams of methanol and 20 grams of acetone and a solution 
of 0.8 gram of 3-isocyanatomethyl-3.5.5-trimethylhexyl Isocyanate In 6 grams of ethyl acetate were added to the solu- 
tion to complete the coating solution. 
30 Onto a polyethylene terephthalate film having a moisture-proof undercoat containing vinylidene chloride on either 
surface, the back layer coating solution was applied so as to provide an optical density of 0.7 at 633 nm. 

Preparation of coated sample 

35 Onto the thus prepared support, the emulsion layer coating solution was applied in a coverage of 2 g/m^ of silver. 
The emulsion surface protective layer coating solution was then applied onto the emulsion layer to form a protective 
lay r having a dry thickness of 5 fim. 

Photographic prooertv test 

40 

The photographic material samples were exposed by means of a He-Ne light source color scanner SG-608 by Dai- 
Nlhon Screen K.K. and heated for development at 1 15^*0 for 25 seconds on a heat drum. A halide lamp was operated 
to illuminate light to the developed samples for 15 seconds. The resulting images were determined for Dmax and sen- 
sitivity (S, an Inversion of a ratio of an exposure dose provkJIng a density higher by 1 .5 than Dmin) by a densitometer. 
45 Gradation (y) is the gradient of a straight line connecting points of density 0.3 and 3.0 on a characteristic curve. The 
results are shown in Table 21 . 

Pepper foo test 

50 An unexposed photosensitive material was developed on a heat drum at 1 20°C for 60 seconds whereuF)on the 

number of black pepper spots was visually counted and rated on a five-point scale with point "5" for the best quality and 
point "1 " for the worst quality. Point "3" is a practically acceptable limit and points "2" and "1" are practically unaccepta- 
ble. The results are shown In Table 21 . 

It is noted that the compounds used in Example 3 have the following structure. 
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Table 21 





Sample No. 


compound 


Amount (mol/mol Ag) 


Dmax 


Sensitivity 


y 


Pepper fog rating 


5 


1* 






2.5 


0.80 


3.6 


5 




2* 


A- 1 


9x10-3 


4.9 


1.49 


13.3 


1 




3* 


A- 2 


9x10-3 


4.8 


1.47 


13.4 


1 


10 


4 


1- 1 


8x1 0'3 


4.9 


1.49 


13.1 


5 




5 


1-3 


8x10-3 


4.8 


1.50 


13.3 


5 




6 


1-5 


8x10-3 


4.9 


1.48 


13.0 


5 




7 


1-7 


8x10-3 


4.9 


1.49 


13.4 


5 


IS 


8 


1-8 


8x10-3 


4.9 


1.47 


13.1 


5 




9 


1-11 


9x10-3 


4.6 


1.41 


12.8 


4 




10 


1-12 


9x10-3 


4.6 


1.42 


12.9 


4 


20 


11 


1-17 


8x10-3 


4.8 


1.47 


13.4 


5 




12 


1-19 


9x1 0"3 


4.9 


1.40 


12.7 


4 




13 


1-21 


3x10-3 


4.9 


1.49 


13.5 


5 


25 


14 


1-22 


8x10-3 


4.9 


1.48 


13.2 


5 



^comparison 

Note that compounds A-1 and A-2 are described in USP 5.496,695 and shown at the end of Table 19. 
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It is evident that photothermographic materials using hydrazine compounds within the scope oi the invention satisfy 
all the requirements of high Dmax. high contrast and suppressed pepper fog. 

Example 4 

35 

Preparation of silver halide grains B 

In 900 ml of water were dissolved 7.5 grams of inert gelatin and 10 mg of potassium bromide. The solution was 
adjusted to pH 3.0 at a temperature of 35^C. To the solution, 370 ml of an aqueous solution containing 74 grams of silver 

40 nitrate and an aqueous solution containing potassium bromide and potassium iodide in a molar ratio of 94:6 and 
K4[Fe(CN)6] were added over 10 minutes by a controlled double jet method while maintaining the solution at pAg 7.7. 
Note that [Fe(CN)6]^" was added in an amount of 3x10-^ mol/mol of silver. Thereafter. 0.3 gram of 4-hydroxy-6-methyl- 
1 ,3.3a.7-tetraa2aindene was added to the solution, which was adjusted to pH 5 with NaOH. There were obtained cubic 
silver iodobromlde grains B having a mean grain size of 0.06 ^m. a coefficient of variation of projected area of 8%, and 

45 a {100} plane ratio of 87%. The emulsion was desalted by adding a gelatin flocculant thereto to cause flocculation and 
sedimentation and then adjusted to pH 5.9 and pAg 7.5 by adding 0.1 gram of phenoxyethanol. 

Preparation of organic acid silver emulsion B 

so A mixture of 10.6 grams of behenic acid and 300 ml of distilled water was mixed for 15 minutes at 90°C. With vig- 
orous stirring, 31 .1 ml of 1 N sodium hydroxide was added over 1 5 minutes to the solution, which was allowed to stand 
at the temperature for one hour. The solution was then cooled to 30*»C, 5 ml of IN tetrachlorophthalic acid was added 
thereto, and with more vigorous stirring, 0.13 gram of N-bromosuccinimide was added. Thereafter, with stirring, the 
above-prepared silver halide grains B were added to the solution in such an amount as to give 2.5 mmol of silver halide. 

55 Further. 25 ml of 1 N silver nitrate aqueous solution was continuously added over 2 minutes, with stirring continued for 
a further 90 minutes. With stimng. 37 grams of a 1 .2 wt% butyl acetate solution of polyvinyl acetate was slowly added 
to the aqueous mixture to form floes in the dispersion. Water was removed, and water washing and water removal were 
repeated twice. With stin-ing. 20 grams of a solution of 2.5% by weight polyvinyl butyral (Denka Butyral ^000-K) in a 
1/2 solvent mixture of butyl acetate and isopropyl alcohol was added. To the thus obtained gel-like mixture of organic 
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acid silver and silver halide. 7.8 grams of polyvinyl butyral (Denka Butyral #4000-2) and 57 grams of isopropyl alc»hol 
were added. The mixture was dispersed by a homogenizer. obtaining a silver behenate emulsion of needle grains hav- 
ing a mean minor diameter of 0.04 jjm, a mean major diameter of 1 ^m and a coefficient of variation of 30%. 

Preparation of emul sion laver coating solution B 

Various chemicals were added to the above-prepared organic acid silver salt emulsion B as follows. It is noted that 
the amounts of chemicals added are expressed per mo! of silver. With stirring at 25'*C, 10 mg of sodium phenylthiosul- 
fonate, 85 mg of sensitizing dye A. 2 grams of 2-mercapto-5-methylbenzimidazole. 21.5 grams of 4-chlorobenzophe- 
none-2-carboxylic add. 580 grams of 2-butanone. and 220 grams of dimethylformamide were added to the emulsion, 
which was allowed to stand for 3 hours. Then, with stirring. 4 grams of 4,6-dltrichloromethyl-2-phenyltriazrne, 2 grams 
of disulfide compound A. 170 grams of 1,1-bis(2-hydroxy-3,5-dimethyIphenyl)-3.5,5-trimethylhexane. 5 grams of tetra- 
chlorophthalic acid, 15 grams of phthalazine, an amount of a hydrazine derivative as reported in Table 22. 1 .1 grams of 
Megalax F-1 76P. 590 grams of 243utanone and 10 grams of methyl Isobutyl ketone were added. 

Emulsion surface pr otective layer coating solution 

A coating solution was prepared by dissolving 75 grams of CAB 171-15S. 5.7 grams of 4-methylphthalic acid, 1.5 
grams of tetrachlorophthalic anhydride. 8 grams of 5-tribromomethylsulfonyl-2-methylthiadiazole, 6 grams of 2-tribro- 
momethylsulfonylbenzothiazole. 3 grams of phthalazone, 0.3 grams of Megafax F-176P, 2 grams of Sildex H31 (spher- 
ical silica having a mean particle size 3 ^m), and 6 grams of Sumidur N3500 in 3,070 grams of 2-butanone and 30 
grams of ethyl acetate. 

Preparation of back-coate d support 

A back layer coating solution was prepared by adding 6 grams of polyvinyl butyral (Denka Butyral #4000-2), 0.2 
gram of Sildex H121 (spherical silica having a mean particle size 1 2 ^m). 0.2 gram of Sildex H51 (spherical silica having 
a mean particle size 5 ^m). and 0.1 gram of Megafax F-1 76P to 64 grams of 2-propanol and stirring the mixture for dis- 
solving the components. A solution of 420 mg of dye A in 1 0 grams of metiianol and 20 grams of acetone and a solution 
of 0.8 gram of 3-isocyanatomethyl-3,5.5-trimetfiylhexyl isocyanate in 6 grams of ethyl acetate were added to the solu- 
tion to complete the coating solution. 

Onto a polyetiiylene terephthalate film having a moisture-proof undercoat containing vinylidene chlorWe on either 
surface, the back layer coating solution was applied so as to provide an optical density of 0,7 at 633 nm. 

It is noted that sensitizing dye A, disulfide compound A. and aye A used herein are as identified in Example 3. 

Preparation of coated sample 

Onto the thus prepared support, the emulsion layer coating solution was applied in a coverage of 2 g/m^ of silver. 
The emulsion surface protecting layer coating solution was then applied onto the emulsion layer to form a protective 
layer having a dry thickness of 5 jim. 

The samples were evaluated for photographic properties and pepper fog as in Example 3. The results are shown 
in Table 22. 



80 

<EP_0807850A1J_> 



EP 0 807 850 A1 



Table 22 





Sample No. 


compound 


Amount (mol/mol Ag) 


^max 


Sensitivity 


Y 


Pepper fog rating 


5 


1* 






2.5 


0.80 


3.6 


5 




2* 


A- 1 


9x10"^ 


4.9 


1.50 


13.4 


1 




3* 


A- 2 


9x10'^ 


4.8 


1.48 


13.5 


1 


10 


4 


1- 1 


8x10-2 


4.9 


1.50 


13.2 


5 




5 


1-3 


8x10-2 


4.8 


1.51 


13.4 


5 




6 


1-5 


8x1 0"2 


4.9 


1.49 


13.1 


5 




7 


1-7 


8x10-2 


4.9 


1.50 


13.5 


5 


15 


8 


1-8 


8x10-2 


4.9 


1.48 


13.2 


5 




9 


1-11 


9x10-2 


4.6 


1.42 


12.9 


4 




10 


1-12 


9x10-2 


4.6 


1.43 


13.0 


4 


20 


11 


1-17 


8x10-2 


4.8 


1.48 


13.5 


5 




12 


1-19 


9x1 0"2 


4.9 


1.41 


12.8 


4 




13 


1-21 


3x10-2 


4.9 


1.50 


13,6 


5 


25 


14 


1-22 


8x10-2 


4.8 


1.47 


13.3 


5 



"comparison 

Note that compounds A-1 and A-2 are descrBsed in USP 5,496,695 and shown at the end of Table 19. 



30 

It Is evident that photothermographic materials using hydrazine compounds within the scope of the invention satisfy 
all the requirements of high Dmax, high contrast and suppressed pepper fog. 

Example 5 

35 

Preparation of organic acid silver salt emulsion A 

To 12 liters of water were added 840 grams of behenic acid and 95 grams of stearic acid. To the solution kept at 
90''C, a solution of 48 grams of sodium hydroxide and 63 grams of sodium carbonate in 1 .5 liters of water was added. 

40 The solution was stirred for 30 minutes and then cooled to 50°C whereupon 1.1 liters of a 1% aqueous solution of N- 
bromosuccinlmide was added. With stirring, 2.3 liters of a 17% aqueous solution of silver nitrate was slowly added. 
While the solution was kept at 35*'C. with stirring, 1 .5 liters of a 2% aqueous solution of potassium bromide was added 
over 2 minutes. The solution was stirred for 30 minutes whereupon 2.4 liters of a 1% aqueous solution of N-bromosuc- 
cinimide was added. With stirring, 3,300 grams of a 1 .2 wt% butyl acetate solution of polyvinyl acetate was added to the 

45 aqueous mixture. The mixture was allowed to stand for 10 minutes, separating Into two layers. After the aqueous layer 
was removed, the remaining gel was washed twice with water. There was ot>tained a gel -like mixture of silver behenate, 
silver stearate. and silver bromide, which was dispersed in 1 .800 grams of a 2.6% 2'butanone solution of polyvinyl 
butyral (Denka Butyral #3000-K). The dispersion was further dispersed in 600 grams of polyvinyl butyral (Denka Butyral 
#4000-2) and 300 grams of isopropyl alcohol, obtaining an organic acid silver salt emulsion of needle grains having a 

so mean minor diameter of 0.05 fim. a mean major diameter of 1 .2 ^m, and a coefficient of variation of 25%. 

Preparation of emulsion layer coating solution A 

Various chemicals were added to the above-prepared organic acid silver salt emulsion as follows. It is noted that 
55 the amounts of chemicals added are expressed per mol of silver. With stirring at 25**C. 10 mg of sodium phenyl-thiosul- 
fonate, 75 mg of sensitizing dye A, 2 grams of 2-mercapto-5-methylbenzimidazole. 1 gram of 2-mercapto-5-methylben- 
zothiazole, 21.5 grams of 4-chlorobenzophenone-2-carboxylic acid, 580 grams of 2-butanone, and 220 grams of 
dimettryHbrmamide were added to the emulsion, which was allowed to stand for 3 hours. With stirring, there were further 
added 4.5 grams of 4.6-ditrichloromethyl-2-phenyltriazine, 2 grams of disulfide compound A, 160 grams of 1.1-bis(2- 
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hydroxy-3,5-dimethylphenyt)-3.5,5-trimethylhexane, 15 grams of phthalazine, 5 grams of tetrachlorophthalic acid, an 
amount of a hydrazine derivative as reported in Table 23. 1.1 grams of Megafax F-176P. 590 grams of 2-bLrtanone and 
10 grams of methyl isobutyl ketone. 



sensitizing dye A 



10 H3CS 



(CH2]-S03- (CH2)-S03Na 




Preparation Qf enrrulsipn surface protective layer coaling solution A 

30 A coating solution was prepared by dissolving 75 grams of CAB 171-15S, 1.5 grams of tetrachlorophthalic anhy- 
dride. 10 grams of 2-tribromomethylsulfonylbenzothiazole. 2 grams of phthalazone, 0.3 grams of Megafax F-176P, 2 
grams of Sildex H31 (spherical silica having a mean particle size of 3 ^m), and 5 grams of Sumidur N3500 in 3.070 
grams of 2-butanone and 30 grams of ethyl acetate. 

35 Preparation of back-coated support 

A back layer coating solution was prepared by adding 6 grams of polyvinyl butyrat (Denka Butyral #4000-2), 0.2 
gram of Sildex H121 (spherical silica having a mean particle size 12 \xm), 0.2 gram of Sildex H51 (spherical silica having 
a mean particle size 5 ^im), and 0. 1 gram of Megafax F-1 76P to 64 grams of 2-propanol and stirring the mixture for dis- 
40 solving the components. A solution of 420 mg of dye A in 10 grams of methanol and 20 grams of acetone and a solution 
of 0.8 gram of 3-isocyanatomethyl-3.5,5-trimethylhexyl isocyanate in 6 grams of ethyl acetate were added to the solu- 
tion to complete the coating solution. 



45 



so 
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20 

Onto a polyethylene terephthalate film having a moisture-proof undercoat containing vinylidene chloride on either 
surface, the back layer coating solution was applied so as to provide an optical density of 0.7 at 633 nm. 

Preparation of coated sample 

25 

Onto the thus prepared support, the emulsion layer coating solution was applied in a coverage of 2 g/nrr of silver. 
The emulsion surface protective layer coating solution was then applied onto the emulsion layer to form a protective 
layer having a dry thickness of 5 \m. 

30 Photographic property test 

The photographic material samples were exposed by means of a He-Ne light source color scanner SG-608 by Dai- 
Nihon Screen K.K. and heated for development at 1 15*^0 for 25 seconds on a heat drum. A halide lamp was operated 
to illuminate light to the developed samples for 15 seconds. The resulting Images were determined for Dmax arKJ sen- 
35 sitivity (S. an inversion of a ratio of an exposure dose providing a density higher by 1.5 than Dmin) by a densitometer. 
Gradation (y) is the gradient of a straight line connecting points of density 0.3 and 3.0 on a characteristic curve. The 
results are shown in Table 23. 

Pepper fog test 

40 

An unexposed photosensitive material was developed on a heat drum at 120**C for 60 seconds whereupon the 
number of biack pepper spots was visually counted and rated on a five-point scale with point "5" for the best quality and 
point "1" for the worst quality. Point is a practically acceptable limit and points "2" and "r are practically unaccepta- 
ble. The results are shown in Table 23. 



so 
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Table 23 







Compound 


Amount (mol/Mol Ag) 


Dmax 


Sensitivity 


Y 


Pepper fog rating 


5 


1* 






2.5 


0.80 


3.6 


5 




2* 


A-1 


9x10"^ 


4.9 


1.47 


13.4 


1 




3* 


A-2 


9x10-^ 


4.8 


1.45 


13.5 


1 


10 


4 


H-1 


7x10"^ 


4.9 


1.47 


13.2 


5 




5 


H-2 


7x10-^ 


4.8 


1.45 


13.3 


5 




6 


H-4 


7x10-2 


4.9 


1.46 


13.1 


5 




7 


H-6 


7x10-2 


4.9 


1.47 


13.5 


5 


15 


8 


H-7 


7x10-2 


4.9 


1.45 


13.2 


5 




9 


H-10 


7x10-2 


4.6 


1.39 


12.9 


4 




10 


H-11 


7x10-2 


4.6 


1.40 


13.0 


4 


20 


11 


H-14 


7x1 0"2 


4.8 


1.45 


13.5 


5 




12 


H-1 7 


7x10 2 


4.9 


1.41 


12.8 


4 




13 


H-19 


7x10-2 


4.9 


1.47 


13.6 


5 


25 


14 


H-21 


7x10-2 


4.9 


1.43 


13.6 


5 


15 


H-24 


7x1 0"2 


4.9 


1,46 


13.6 


5 




16 


H-26 


7x10-2 


4.6 


1.45 


13.1 


4 




17 


H-32 


7x10-2 


4.6 


1.39 


13.5 


5 


30 


18 


H-40 


7x10-2 


4.8 


1.40 


13.2 


5 



^comparison 

Note that compound A-1 and A-2 are described in USP 5,496,695 and shown at the end of Table 19. 



35 

It is evident that photothermographic materials using hydrazine compounds within the scope of the invention satisfy 
all the requirements of high Dmax, high contrast and pepper fog. 

Example 6 

40 

Preparation of silver halide Grains B 

In 900 ml of water were dissolved 7.5 grams of inert gelatin and 10 mg of potassium bromide. The solution was 
adjusted to pH 3.0 at a temperature of 35**C. To the solution. 370 ml of an aqueous solution containing 74 grams of silver 

45 nitrate and an aqueous solution containing potassium bromide and potassium iodide in a molar ratio of 94:6 and 
K4[Fe(CN)6] were added over 10 minutes by a controlled double jet method while maintaining the solution at pAg 7.7. 
Note that [Fe(CN)5]'*- was added in an amount of 3x10"^ mol/mol of silver. Thereafter, 0.3 gram of 4-hydroxy-6-methyl- 
1 ,3,3a.7-tetraazaindene was added to the solution, which was adjusted to pH 5 with NaOH. There were obtained cubic 
silver iodobromide grains B having a mean grain size of 0.06 ^m, a coefficient of variation of projected area of 8%, and 

50 a {100} plane ratio of 87%. The emulsion was desalted by adding a gelatin f locculant thereto to cause flocculation and 
sedimentation and then adjusted to pH 5.9 and pAg 7.5 by adding 0.1 gram of phenoxyethanol. 

Preparation of organic acid silver emulsion B 

55 A mixture of 10.6 grams of behenic acid and 300 ml of distilled water was mixed for 1 5 minutes at 90°C. With vig- 
orous stirring. 31.1 ml of 1 N sodium hydroxide was added over 15 minutes to the solution, which was allowed to stand 
at the temperature for one hour. The solution was then cooled to 30*C. 7 ml of IN phosphoric acid was added thereto, 
and with more vigorous stirring, 0.13 gram of N-bromosuccinlmide was added. Thereafter, with stimng. the abovei3re- 
pared silver halide grains B were added to the solution in such an amount as to give 2.5 mmol of silver halide. Further. 
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25 ml of 1 N silver nitrate aqueous solution was continuously added over 2 minutes, with stirring continued for a further 
90 minutes. With stirring. 37 grams of a 1 .2 wt% butyl acetate solution of polyvinyl acetate was slowly added to the 
aqueous mixture to form floes in the dispersion. Water was removed, and water washing and water removal were 
repeated twice. With stirring, 20 grams of a solution of 2.5% by weight polyvinyl butyral (Denka Butyral #3000-K) in a 
s 1/2 solvent mixture of butyl acetate and isopropyl alcohol was added. To the thus obtained gel-like mixture of organic 
acid silver and silver hallde, 7.8 grams of polyvinyl butyral (Denka Butyral #4000-2) and 57 grams of 2-butanone were 
added. The mixture was dispersed by a homogenizer, obtaining a silver behenate emulsion of needle grains having a 
mean minor diameter of 0.04 jim, a mean major diameter of 1 fim and a coefficient of variation of 30%. 

70 Preparation off emulsion laver coating solution B 

Various chemicals were added to the above-prepared organic acid silver salt emulsion B as follows. It is noted that 
the amounts of chemicals added are expressed per mol of silver. With stirring at 25*'C, 10 mg of sodium phenylthiosul- 
fonate, 85 mg of sensitizing dye A. 2 grams of 2-mercapto-5-methylbenzimidazole, 21.5 grams of 4-chtorobenzophe- 
15 none-2-carboxylic acid, 580 grams of 2-butanone, and 220 grams of dimethylformamide were added to the emulsion, 
which was allowed to stand for 3 hours. Then, with stirring. 4 grams of 4.6-ditrichloromethyl-2-phenyltriazine. 2 grams 
of disulfide compound A. 170 grams of 1,1-bis(2-hydroxy-3,5-dimethylphenyl)-3,5,5-trimethylhexane, 5 grams of tetra- 
chlorophthalic acid, 15 grams of phthalazine, an amount of a hydrazine derivative as reported in Table 24, 1 .1 grams of 
Megalax F-176P, 590 grams of 2-butanone and 10 grams of methyl Isobutyl ketone were added. 

20 

Emulsion surface protective laver coatino solution 

A coating solution was prepared by dissolving 75 grams of CAB 171 -15S, 5.7 grams of 4-methylphthalic acid. 1 .5 
grams of tetrachlorophthalic anhydride. 8 grams of 5-trlbromomethylsulf6nyl-2-methylthiadiazole, 6 grams of 2-tribro- 
25 momethylsulfonylbenzothiazole. 3 grams of phthalazine. 0.3 grams of Megafax F-176P. 2 grams of Sildex H31 (spheri- 
cal silica having a mean particle size 3 ^m). and 6 grams of Sumidur N3500 in 3.070 grams of 2-butanone and 30 grams 
of ethyl acetate. 

Preparation of back-coated support 

30 

A back layer coating solution was prepared by adding 6 grams of polyvinyl butyral (Denka Butyral #4000-2). 0.2 
gram off Sildex H121 (spherical silica having a mean particle size 1 2 ^m), 0.2 gram of Sildex H51 (spherical silica having 
a mean particle size 5 jim). and 0.1 gram of Megafax F-1 76P to 64 grams of 2-propanol and stirring the mixture for dis- 
solving the components. A solution of 420 mg of dye A in 10 grams of methanol and 20 grams of acetone arxJ a solution 
35 of 0.8 gram of 3-isocyanatomethy-3.5.5-trimethylhexyl Isocyanate In 6 grams of ethyl acetate were added to the solution 
to complete the coating solution. 

Onto a polyethylene terephthalate film having a moisture-proof undercoat containing vinylidene chloride on either 
surface, the back layer coating solution was applied so as to provide an optical density of 0.7 at 633 nm. 

It is noted that sensitizing dye A. disulfide compound A, and dye A used herein are as Identified in Example 5. 

40 

Preparation of coated sample 

Onto the thus prepared support, the emulsion layer coating solution was applied in a coverage of 2 g/m^ of silver. 
The emulsion surface protecting layer coating solution was then applied onto the emulsion layer to form a protective 
45 layer having a dry thickness of 5 ^m. 

The samples were evaluated for photographic properties and pepper fog as in Example 5. The results are shown 
In Table 24. 



50 
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Table 24 



5 



10 



25 





Compound 


Amount (mol/Mol Ag) 


Dmax 


Sensitivity 


Y 


Pepper fog rating 


1* 






2.5 


0.80 


3.6 


5 


2* 


A-1 


9x1 0"3 


4.9 


1.45 


13.2 


1 


3* 


A-2 


9x10-3 


4.8 


1.43 


13.3 


1 


4 


H-1 


7x10-3 


4.9 


1.45 


13.0 


5 


5 


H-2 


7x10-3 


4.8 


1.43 


13.1 


5 


6 


H-4 


7x10-3 


4.9 


1.44 


12.9 


5 


7 


H-6 


7x10-3 


4.9 


1.45 


13.3 


5 


8 


H-7 


7x10-3 


4.9 


1.43 


13.0 


5 


9 


H-10 


7x10-3 


4.6 


1.37 


12.7 


4 


10 


H-11 


7x1 0'3 


4.6 


1.38 


12.8 


4 


11 


H-14 


7x10-3 


4.8 


1.43 


13.3 


5 


12 


H-17 


7x1 0"3 


4.9 


1.39 


12.6 


4 


13 


H-19 


7x10-3 


4.9 


1.45 


13.4 


5 


14 


H-21 


7x10-3 


4.9 


1.41 


13.4 


5 


15 


H-24 


7x10-3 


4.9 


1.44 


13.4 


5 


16 


H-26 


7x10-3 


4.6 


1.43 


12.9 


4 


17 


H-32 


7x10-3 


4.6 


1.37 


13.3 


5 


18 


H-40 


7x10-3 


4.8 


1.38 


13.0 


5 



^comparison 

Note that compounds A-1 and A-2 are described in USP 5,496,695 and shown at the end of Table 1 9. 



35 

It is evident that photothermographic materials using hydrazine compounds within the scope of the invention satisfy 
all the requirements of high Dmax, high contrast and pepper fog. 

Example 7 

40 

Preparation of organic acid silver salt emulsion A 

To 12 liters of water were added 840 grams of behenic acid and 95 grams of stearic acid. To the solution kept at 
90*'C. a solution of 48 grams of sodium hydroxide and 63 grams of sodium car1x>nate in 1 .5 liters of water was added. 

45 The solution was stirred for 30 minutes and then cooled to 5Q°C whereupon 1.1 liters of a 1% aqueous solution of N- 
bromosuccinimide (C-12) was added. With stirring, 2,3 liters of a 17% aqueous solution of silver nitrate was slowly 
added. White the solution was kept at 35'*C. with stirring, 1 .5 liters of a 2% aqueous solution of potassium bromide was 
added over 2 minutes. The solution was stirred for 30 minutes whereupon 2.4 liters of a 1% aqueous solution of N-bro- 
mosucdnimlde was added. With stinring, 3,300 grams of a 1 .2 wt% butyl acetate solution of polyvinyl acetate was added 

50 to the aqueous mixture. The mixture was allowed to stand for 10 minutes, separating into two layers. After the aqueous 
layer was removed, the remaining get was washed twice with water. There was obtained a gel-like mixture of silver 
behenate, silver stearate, and silver bromide, which was dispersed in 1 ,800 grams of a 2.6% 2-butanone solution of pol- 
yvinyl butyrat (Denka Butyral #3000-K). The dispersion was further dispersed in 600 grams of polyvinyl butyral (Denka 
Butyral #4000-2) and 300 grams of isopropyl alcohol, obtaining an organic ackJ sih/er salt emulsion of needle grains 

55 having a mean minor diameter of 0.05 ^m. a mean major diameter of 1 .2 p.m. and a coefficient of variation of 25%. 

Preparation of emulsion laver coatino solution A 

Various chemicals were added to the above-prepared organic acid silver salt emulsion as follows. It is noted that 
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the amounts of chemicals added are expressed per mol of silver. With stirring at 25°C, 10 mg of sodium phenylthiosul- 
fonate. 75 mg of sensitizing dye A, 2 grams of 2-mercapto-5-methylbenzimidasoIe (C-1), 1 gram of 2-mercapto-5-melh- 
ylbenzothiazole (C-2), 21.5 grams of 4-chlorobenzophenone-2-carboxylic acid (C-3), 580 grams of 2-butanone. and 
220 grams of dimethylformamide were added to the emulsion, which was allowed to stand for 3 hours. With stirring. 
5 there were further added 4.5 grams of 4.6-ditrichloromethyl-2-phenyltriazine (C-4), 2 grams of disulfide compound A. 
160 grams of 1.1-bis(2-hydroxy-3.5-dimethylpheny])-3,5,5-trlmethylhexane (C-5). 15 grams of phthalazine (C-6). 5 
grams of tetrachlorophthalic acid (C-7), an amount of a hydrazine derivative as reported in Table 25, 1.1 grams of Meg- 
afax F-176P, 590 grams of 2-butanone and 10 grams of methyl isobutyl ketone. 

10 Preparation of emulsion surface prot ective layer coating solution A 

A coating solution was prepared by dissolving 75 grams of CAB 171-15S, 5.7 grams of 4-methylphthalic acid (C- 
8). 1 .5 grams of tetrachlorophthalic anhydride (C-9) 1 0 grams of 2-tribromomethylsulfonylbenzothiazole (C-1 0). 2 grams 
of phthalazone (C-11). 0.3 grams of Megafax F-176P, 2 grams of Sildex H31 (spherical silica having a mean particle 
15 size of 3 ^m), and 5 grams of Sumidur N3500 in 3.070 grams of 2-butanone and 30 grams of ethyl acetate. 

Preparation of back-coated support 

A back layer coating solution was prepared by adding 6 grams of polyvinyl butyral (Denka Butyral #4000-2), 0.2 
20 gram of Sildex H121 (spherical silica having a mean particle size 1 2 inm), 0.2 gram of Sildex H51 (spherical silica having 
a mean particle size 5 ^m), and 0.1 gram of Megafax F-1 76P to 64 grams of 2-propanol and stirring the mixture for dis- 
solving the components. A solution of 420 mg of dye A in 10 grams of methanol and 20 grams of acetone and a solution 
of 0.8 gram of 3-isocyanatomethyl-3,5.5-trimethylhexyl isocyanate in 6 grams of ethyl acetate were added to the solu- 
tion to complete the coating solution. 
25 Onto a polyethylene terephthalate film having a moisture-proof undercoat containing vinylldene chloride on either 
surface, the back layer coating solution was applied so as to provide an optica! density of 0.7 at 633 nm. 

Preparation of coated sample 

30 Onto the thus prepared support, the emulsion layer coating solution was applied in a coverage of 2 g/m^ of silver. 
The emulsion surface protective layer coating solution was tiien applied onto the emulsion layer to form a protective 
layer having a dry thickness of 5 ^m. 

Note that the compounds used herein have the following structure. 



35 



40 



45 
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( C-1 ) ( C.2 ) ( C-3 ) 




CI 



(C-10) (C-11) (C-12) 



40 




NH HN 

/ \ 

^12^25 SO2 O2S — C12H25 
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sensitizing dye A 



10 



15 



20 



25 



30 




Photographic proDertv test 

The photographic material samples were exposed by means of a He-Ne light source color scanner SQ-608 by Dai- 
40 Nihon Screen K.K. and heated for development at 1 1 5*C for 25 seconds on a heat drum. A halide lamp was operated 
to illuminate light to the developed samples for 15 seconds. The resulting images were determined for Dmax and sen- 
sitivity (S. an inversion off a ratio of an exposure dose providing a density higher by 1.5 than Dmin) by a densitometer. 
Gradation (y) is the gradient of a straight line connecting points of density 0.3 and 3.0 on a characteristic curve. TTie 
results are shown in Table 25. 

45 

Pepper fog test 

An unexposed photosensitive material was developed on a heat drum at ^20°C for 60 seconds whereupon the 
number of black pepper spots was visually counted and rated on a five-point scale with point "5" for the best quality and 
so point "1 " for the worst quality. Point "3" is a practically acceptable limit and points "2" and "1" are practically unaccepta- 
ble. The results are shown in Table 25. 
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Table 25 



Pepper 
fog 







Compound 


(mol/Mol Ag) 


Dmax 


Sensitivity 


r 


rati 




1* 






2.5 


0.80 


3.6 


5 


10 


2* 


A-3 


5x10'^ 


4,9 


1.47 


13 - 2 


1 




3 


H-I-1 


6x10"' 


4.8 


1 . 45 


13 . 3 


5 




4 


H-I-3 


6x10"' 


4.9 


1 .47 


13 . 0 


5 


15 


5 


H-I-5 


6x10"' 


4.8 


1 .48 


13 . 2 


5 




6 


H-I-8 


8x10"' 


4.9 


1 .46 


12 . 9 


5 




7 


H-I-10 


8x10"' 


4.9 


1.47 


13.3 


5 


20 


8 


H-I-12 


6x10"' 


4.9 


1.45 


13.0 


5 




9 


H-I-14 


6x10"' 


4.6 


1.39 


12.7 


4 




10 


H-I-15 


8x10"' 


4.6 


1.40 


12.8 


4 


25 


11 


H-I-19 


3x10"' 


4.8 


1:45 


13.3 


5 




12 


H-I-20 


3.5x10"' 


4.9 


1.38 


12.6 


4 


30 


13 


H-I-26 


7x10"' 


4.9 


1.47 


13.4 


5 


14 


H-I-28 


7x10"' 


4.9 


1.49 


13.3 


5 



35 



40 



♦comparison 

Note that compound A-3 has the following formula, 



A-3 



O- 



NHNHCHO 



45 

It is evident that photothermographic materials using hydrazine compounds within the scope of the invention satisfy 
all the requirements of high Dmax, high contrast and pepper fog. 

Example 8 

so 

Preparation of silver halide grains B 

In 900 ml of water were dissolved 7.5 grams of inert gelatin and 10 mg of potassium bromide. The solution was 
adjusted to pH 3.0 at a temperature of SS^'C. To the solution. 370 ml of an aqueous solution containing 74 grams of silver 
55 nitrate and an aqueous solution containing potassium bromide and potassium iodide in a molar ratio of 94:6 and 
K4[Fe(CN)e] were added over 10 minutes by a controlled double jet method while maintaining the solution at pAg 7.7. 
Note that [Fe(CN)6]'*' was added in an amount of 3x10'^ mol/mol of silver. Thereafter, 0.3 gram of 4-hydroxy-6-melhyl- 
1 ,3,3aJ-tetraazaindene was added to the solution, which was adjusted to pH 5 with NaOH. There were obtained cubic 
silver iodobromide grains B having a mean grain size of 0.06 ^m, a coefficient of variation of projected area of 8%. and 
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a {100} plane ratio of 87%. The emulsion was desafted by adding a gelatin flocculant thereto to cause f locculation and 
sedimentation and then adjusted to pH 5.9 and pAg 7.5 by adding 0.1 gram of phenoxyethanol. 

Preparation of organic acid silver emulsion B 

5 

A mixture of 10.6 grams of behenic acid and 300 ml of distilled water was mixed for 15 minutes at 90*^0. With vig- 
orous stirring, 31 .1 ml of 1 N sodium hydroxide was added over 15 minutes to the solution, which was allowed to stand 
at the temperature for one hour. The solution was then cooled to 30''C. 7 ml of 1 N phosphoric acid was added thereto, 
and with more vigorous stirring, 0.13 gram of N-bromosucdnimide (C-12) was added. Thereafter, with stirring, the 

10 above-prepared silver halide grains B were added to the solution In such an amount as to give 2.5 mmol of silver halide. 
Further, 25 ml of 1 N silver nitrate aqueous solution was continuously added over 2 minutes, with stirring continued for 
a further 90 minutes. With stirring, 37 grams of a 1 .2 wt% butyl acetate solution of polyvinyl acetate was slowly added 
to the aqueous mixture to form floes in the dispersion. Water was removed, and water washing and water removal were 
repeated twice. With stirring. 20 grams of a solution of 2.5% by weight polyvinyl butyral (Denka Butyral #3000-K) in a 

75 1/2 solvent mixture of butyl acetate and isopropyl alcohol was added. To the thus obtained gel-like mixture of organic 
acid silver and silver halide, 7.8 grams of polyvinyl butyral (Denka Butyral #4000-2) and 57 grams of 2-butanone were 
added. The mixture was dispersed by a homogenizer, obtaining a silver behenate emulsion of needle grains having a 
mean minor diameter of 0.04 fim. a mean major diameter of 1 pm and a coefficient of variation of 30%. 

20 Preparation of emulsion layer coatino solution B 

Various chemicals were added to the above-prepared organic acid silver salt emulsion B as follows. It is noted that 
the amounts of chemicals added are expressed per mol of silver With stirring at 25°C, 10 mg of sodium phenylthiosul- 
fonate, 85 mg of sensitizing dye A, 2 grams of 2-mercapto-5-methylbenzimidazole (C-1), 21 .5 grams of 4-chlorobenzo- 

25 phenone-2-carbo)(ylic acid (C-3), 580 grams of 2-butanone, and 220 grams of dimethylformamide were added to the 
emulsion, which was allowed to stand for 3 hours. Then, with stirring. 4 grams of 4.6-ditrichloromethyl-2-phenyltriazine 
(C-4). 2 grams of disulfide compound A, 1 70 grams of 1 .1 -bis(2-hydroxy-3,5-dimethylphenyt)-3,5.5-trimethylhexane (C- 
5). 5 grams of tetrachlorophthalic acid (C-7), 15 grams of phthalazine (C-6). an amount of a hydrazine derivative as 
reported in Table 26. 1 . 1 grams of Megafax F-1 76P. 590 grams of 2-butanone and 10 grams of methyl isobutyl ketone 

30 were added. 

Emulsion surface protective layer coating solution 

A coating solution was prepared by dissolving 75 grams of CAB 1 71-15S. 5.7 grams of 4-methytphthalic acid (C- 
35 8). 1 .5 grams of tetrachlorophthalic anhydride (C-9), 8 grams of 5-tribromomethylsulfonyl-2-methylthiadiazo!e (C-13), 6 
grams of 2-tribromomethylsulfonylbenzothiazole (C-10). 3 grams of phthalazone (C-1 1), 0.3 grams of Megafax F-176P. 
2 grams of Sildex H31 (spherical silica having a mean particle size 3 ^m). and 6 grams of Sumidur N3500 in 3.070 
grams of 2-butanone and 30 grams of ethyl acetate. 

40 Preparation of back-coated support 

A back layer coating solution was prepared by adding 6 grams of polyvinyl butyral (Denka Butyral #4000-2). 0.2 
gram of Sildex H121 (spherical silica having a mean particle size 12 ^m), 0.2 gram of Sildex H51 (spherical silica having 
a mean particle size 5 yiw) , and 0. 1 gram of Megafax F-1 76P to 64 grams of 2-propanol and stinging the mixture for dis- 
45 solving the components. A solution of 420 mg of dye A in 10 grams of methanol and 20 grams of acetone and a solution 
of 0.8 gram of 3-isocyanatomethyl-3,5,5-trimethylhexyl isocyanate in 6 grams of ethyl acetate were added to the solu- 
tion to complete the coating solution. 

Onto a polyethylene terephthalate film having a moisture-proof undercoat containing vinylidene chloride on either 
surface, the back layer coating solution was applied so as to provide an optical density of 0.7 at 633 nm. 
so It is noted that sensitizing dye A, disulfide compound A, and dye A used herein are as identified in Example 7. 

Preparation of coated sample Onto the thus prepared support, the emulsion layer 

coating solution was applied in a coverage of 2 qlxr? of silver. The emulsion surface protecting layer coating solution 
55 was then applied onto the emulsion layer to form a protective layer having a dry thickness of 5 nm. 

The samples were evaluated for photographic properties and pepper fog as in Example 7. The results are shown 
in Table 26. 
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10 



15 



20 



25 



Table 26 





Compound 


Amount (mol/Mol Ag) 


L^l 1 lOA 


oensiiivity 


r 


Pepper fog rating 


1* 






2.5 


U.OU 


3.6 


5 


2* 


A-3 


5x10-^ 


4 Q 


1 .«i-y 


13.3 


1 


3 


H-M 


6x10'^ 


4 R 


1 .•f A 


i3.4 


5 


4 


H-l-3 


6x10'^ 


4.9 


1 


lO.I 


5 


5 


H-l-5 


6x10"^ 


4.8 


1 

1 .3U 


i3.3 


5 


6 


H-l-8 


8x10-3 


4.9 


1 Aft 


lo.O 


5 


7 


H-l-10 


8x10-3 


4.9 


1.49 


13.4 


5 


8 


H-M 2 


6x10*3 


4.9 


1.47 


13.1 


5 


9 


H-l-14 


6x10-3 


4.6 


1.41 


12.8 


4 


10 


H-l-15 


8x10-3 


4.6 


1.42 


12.9 


4 


11 


H-M9 


3x1 0'3 


4.8 


1.47 


13.4 


5 


12 


H-l-20 


3.5x103 


4.9 


1.40 


12.7 


4 


13 


H-l-26 


7x10-3 


4.9 


1.49 


13.5 


5 


14 


H-I-28 


7x1 0'3 


4.9 


1.51 


13.4 


5 



30 



35 



40 



45 



SO 



55 



Note that compound A-3 is shown at the end of Table 25. 



It is evident that photothermographic materials using hydrazine compounds within the scooe of the 
ne requirements of high Dmax. hioh contrast and 



invention satisfy 



all the requirements of high Dmax. high contrast and pqpper fog. 
Example 9 

Tabled?'"' ""'^"^ ' ""'"^ ^^^^'"^ was replaced by those desaibed in 

in TaLe 2""^'" "^"^"^ ^'^''^ ^"^ ^ ^ as in Example 7. "me resu«s are showr, 
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Table 27 



Amount 



Pepper 

fog 





Compound 


(mol/Mol Ag) 


Omax 


Sensitivity 


T 


rati 


1* 






2.5 


0.80 


3 . 6 


5 


2* 


A- 4 


5x10'^ 


4.9 


1.47 


13.2 


1 


3 


H-II-1 


6.5x10'^ 


4.8 


1.46 


13.3 


5 


4 


H-II-2 


6.5x10'^ 


4.9 


1.47 


13 . 0 


5 


5 


H-II-3 


6.5x10'^ 


4.8 


1.48 


13.2 


5 


6 


H-II-4 


6.5x10'^ 


4.9 


1.46 


12.9 


5 


7 


H-II-5 


6.5x10'^ 


4.9 


1.47 


13.2 


5 


8 


H-II-6 


6.5x10"^ 


4.9 


1.49 


13.6 


5 


9 


H-II-7 


6.5x10"^ 


4.6 


1 .40 


12.7 


4 


10 


H-II-8 


6.5x10'^ 


4.6 


1.42 


12 .8 


4 


11 


H-II-9 


6.5x10'^ 


4.8 


1.45 


13.3 


5 


12 


H-II-10 


6.5x10'^ 


4.9 


1.38 


12 . 6 


4 


13 


H-II-11 


6.5x10'^ 


4.9 


1.47 


13.4 


5 


14 


H-II-12 


6-5x10"' 


4.9 


1 .49 


13 .3 


5 


15 


H-II-13 


6.5x10'^ 


4.8 


1.46 


13.2 


5 


16 


H-II-14 


6x10'^ 


5.0 


1.50 


14.0 


5 


17 


H-II-15 


6x10'' 


5.0 


1.51 


14 . 1 


5 



10 



15 



20 



25 



30 



35 



40 



♦comparison 

Note that compound A- 4 has the following structure. 



45 



A-4 



H3C 




■NHNHCHO 



so 



55 



it is evident that photothermographic materials using hydrazine compounds within the scxspe of the invention satisfy 
all the requirements of high Dmax, high contrast and pepper fog. 

Example 10 

Samples were prepared as in Example 8 except that the hydrazine compound was replaced by those described in 
Table 28. 

The samples were evaluated for photographic properties and pepper fog as In Example 7. The results are shown 
In Table 28. 
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Table 28 





Compound 


Amount (moI/Mol Ag) 


Dmax 


wci loiuvi ly 


r 


Pepper fog rating 


1* 






2.5 


0.80 


O.D 


5 


2* 


A-4 


5x10'^ 


4.9 






1 


3 


H-ll-1 


6.5x10-3 


4.8 


1 4Q 




5 


4 


H-ll-2 


6.5x1 0"^ 


4.9 


1.50 




e 
O 


5 


H-ll-3 


6.5x10-3 


4.8 


1 SI 


1 o.*f 


5 


6 


H-ll-4 


6.5x10-3 


4.9 


1.49 


1 O. 1 


c 

5 


7 


H-ll-5 


6.5x10*3 


4.9 


1 .50 


1 o.o 


5 


8 


H-ll-6 


6.5x1 0"3 


4.9 




lo.y 


5 


9 


H-ll-7 


6.5x10-3 


4.6 




19 O 


4 


10 


H-II-8 


6.5x1 0"3 


4.6 


1.45 


13.0 


4 


11 


H-n-9 


6.5x10-3 


4.8 


1.48 


13.5 


5 


12 


H-ll-10 


6.5x1 0'3 


4.9 


1.41 


12.8 


4 


13 


H-ll-1 1 


6.5x10-3 


4.9 


1.50 


13.6 


5 


14 


H-II-12 


6.5x10-3 


4.9 


1.52 


13.5 


5 


15 


H-ll-13 


6.5x10-3 


4.8 


1.49 


13.5 


5 


16 


H-IM4 


6x1 0"3 


5.0 


1.53 


14.3 


5 


17 


H-ll-15 


6x10-3 


5.0 


1.54 


14.4 


5 



^comparison 

Note that compoufKl A-4 is shown at the end of table 27. 



.11 *hl?r^®"* **^!! P';^^°*!^®'-™g^aPf^*c materials using hydrazine conpounds within the scope of the Invention satisfy 
all the requirements of high Dmax. high contrast and pepper fog. 'nvennon satisfy 

Example 1 1 

TablSST'^ "^""^ '^^'^ ^ ^"""^'^ ^ ^""^ ^'^'"^ compound was replaced by those desaibed in 

in T^eS^ """^ ^"^^ photographic properties and pepper fog as In Example 7. The results are sho«n 

45 



SO 



55 
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10 



15 



20 



25 
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35 
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.-1 
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f-l 


<n 


VO 


1 

l-H 


1 


1 

t— I 


1 

H-l 


1 

> 


1 

> 


1 

> 


h-l 


M 




hH 




M 


M 


HH 




)— t 


l-H 


1 


1 


1 


1 


1 


1 


1 


X 


X 


X 


X 


X 


X 


X 














o 


l-H 


CM 


CO 




GO 


o> 


1-4 
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iH 
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X X X X 
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It is evident that photothermographic materials using hydrazine compounds within the scope ot the invention satisfy 
all the requirements of high Dmax, high contrast and pepper fog. 
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Example 12 



Samples were prepared as in Example 8 except that the hydrazine compound was replaced by those described In 
Table 30. 

The samples were evaluated for photographic properties and pepper fog as in Example 7. The results are showvn 
in Table 30. 



Table 30 



10 




Compound 


Amount (g/Moi Ag) 


Dmax 


Sensitivity 


Y 


Pepper fog rating 




Hydrazine 


Polymer 














1 * 
1 








2.5 


0.80 


3.6 


5 


15 




A-5 




2.0 


4.9 


1.40 


13.1 


1 




o 


H-lll-1 


P-1 


3.0 


4.9 


1.42 


13.3 


1 




A 

*T 


H-lll-5 


P-1 


o.O 


4.8 


1.41 


13.4 


5 




ez 


H-lll-6 


P-1 


O.O 


4.9 


1.42 


13.1 


5 


20 


6 


H-lll-7 


P-5 


3.0 


4.8 


1.43 


13.3 


5 




7 


H-lll-10 


P-5 


3.0 


4.9 


1.41 


13.0 


5 




8 


H-lll-13 


P-5 


3.0 


4.9 


1.42 


13.4 


5 


25 


9 


H-lll-14 


P-5 


3.0 


4.9 


1.44 


13.8 


5 




10 


H-lll-15 


P-5 


3.0 


4.6 


1.35 


12.8 


4 




11 


H-IV-1 


P-1 


3.0 


4.6 


1.37 


12.9 


4 




12 


H-IV-3 


P-1 


3.0 


4.8 


1.40 


13.4 


5 


30 


13 


H-IV-6 


P-1 


3.0 


4.9 


1.33 


12.7 


4 




14 


H-IV-1 0 


P-5 


3.0 


4.9 


1.42 


13.5 


5 




15 


H-IV-13 


P-5 


3.0 


4.9 


1.44 


13.4 


5 


35 


16 


H-IV-16 


P-5 


3.0 


4.8 


1.41 


13.4 


5 




17 


H-IV-1 7 


P-5 


3.0 


5.0 


1.45 


14.2 


5 



^comparison 

Note that compound A-5 is shown at the end of Table 29. 

40 



It is evident that photothermographic materials using hydrazine compounds within the scope of the invention satisfy 
all the requirements of high Dmax. high contrast and pepper fog. 

45 Example 13 

Samples were prepared as in Example 7 except that the hydrazine conrpound was replaced by those described in 
Table 31. 

The sanfples were evaluated for photographic properties and pepper fog as in Example 7. The results are shown 
so in Table 31. 
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Table 31 



5 




Compound 


(mol/Mol Ag) 


Dmax 


Sensitivity 


r 


Pepper 

£oa 
rating 




1* 






2 . 5 


0 . 80 


3 . 6 




10 




A D 


/XIU 




1.45 


13.4 


1 






n V X 


OXIU 




1 - 44 


13 . 5 


5 




A 


n V J 


OXXU 


4 . 9 


1.45 


13.2 


5 


15 




n V o 


oxxu 


4 . 8 


1 • 46 


13.4 


5 




D 


n V A V 


oXXU 


4 . 9 


1 . 44 


13 . 1 


5 




7 


H-V- 12 


OXXU 


4 .9 


1 .45 


13 .4 


5 


20 


o 
o 


H-V-14 


A V 1 rt 
OXXU 


4.9 


1 . 47 


13 . 8 


5 






H-V- 1 6 

Ai V X w 


OXXU 


4 . 6 


1 .38 


12.9 


4 




1 n 




OXXU 


4 .6 


1 . 40 


13 .0 


4 


25 


1 1 

X X 


H-V- 9 


oxxu 


4 a 


1 .43 


13 . 5 


5 




12 


H-V-24 


8x10 ^ 


4 . 9 


1 .36 


1.2 . o 


4 




13 


H-V-26 


8x10'^ 


4.9 


1.45 


13.6 


5 


30 


14 


H-V-28 


8x10^^ 


4.9 


1.47 


13.5 


5 




15 


H-V-35 


8x10*^ 


4.8 


1.44 


13.4 


5 


35 


16 


H-V-39 


8x10'^ 


5.0 


1.48 


14.2 


5 


17 


H-V-44 


8x10'^ 


5.0 


1.49 


14.3 


5 




18 


H-V-48 


8x10"^ 


4.8 


1.49 


14.0 


4 



♦comparison 

Note that compound A- 6 has the following structure. 
H3CO— ^^^^NHNHCHO 

SO 

It is evident that photothermographic materials using hydrazine compounds within the scope of the invention satisfy 
all the requirements of high Dmax. high contrast and pepper log. 

55 Example 14 

Samples were prepared as in Example 8 except that the hydrazine compound was replaced by those described in 
Table 32. 

The samples were evaluated for photographic properties and pepper fog as in Example 7. The results are shown 
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Table 32 



5 




Compound 


Amount (mol/Mol Ag) 


Dmax 


Sensitivity 


r 


Pepper fog rating 




1* 






2.5 


0.80 


3.6 


5 




2* 


A-6 


7x10-^ 


4.9 


1.48 


13.6 


1 


10 


3 


H-V-1 


8x10'^ 


4.8 


1.46 


13.7 


5 




4 


H-V-3 


8x10"^ 


4.9 


1.48 


13.4 


5 




5 


H-V-8 


8x10"^ 


4.8 


1.49 


13.6 


5 




6 


H-V-1 0 


8x1 0"3 


4.9 


1.47 


13.3 


5 


15 


7 


H-V-1 2 


8x10"^ 


4.9 


1.48 


13.6 


5 




8 


H-V-1 4 


8x10-^ 


4.9 


1.49 


14.1 


5 




9 


H-V-1 6 


8x10"^ 


4.6 


1.40 


13.1 


4 


20 


10 


H-V-20 


8x10-2 


4.6 


1.42 


13.2 


4 




1 1 


H-V-23 


8x1 0"^ 


4.8 


1.46 


13.7 


5 




12 


H-V-24 


8x10-2 


4.9 


1.38 


13.0 


4 




13 


H-V-26 


8x10-2 


4.9 


1.48 


13.8 


5 


25 


14 


H-V-28 


8x10-2 


4.9 


1.50 


13.7 


5 




15 


H.V-35 


8x10-2 


4.8 


1.46 


13.6 


5 




16 


H-V-39 


8x10-2 


5.0 


1,50 


14.5 


5 


30 


17 


H-V-44 


8x10-2 


5.0 


1.51 


14.6 


5 




18 


H-V-48 


8x10-2 


4.8 


1.49 


14.3 


4 



^comparison 

Note that compound A-6 is shown at the end of Tat>le 31 . 

35 



It is evident that photothermographic materials using hydrazine compounds within the scope of the invention satisfy 
all the requirements of high Dmax, high contrast and pepper fog. 

There has been described a printing plate-forming photosensitive material featuiing high Dmax and good image 
40 quality and processable on a fully dry basis without a need for wet process. 

Claims 

1 . A photothermographic material comprising an organic silver salt, a silver halide, a reducing agent, and at least one 
45 member selected from hydrazine derivatives of the following general formulae (I) to (VIII). hydrazine derivatives of 
the general formula (I): 



-N-R 



so 



(I) 



55 wherein is an aliphatic group. 

G"" is selected from the group consisting of -COCO-, -SO2-. -SO-. -P(=0)(-R^)-. thiocarbonyl and iminometh- 
ylene group, 

is selected from the group consisting of an alkyl. aryl, heterocyclic, alkoxy, aryloxy, amino, alkylamino. 
arylamino. heterocyclic amino, and hydrazine group, with the proviso that R^ is not an unsubstituted arylamino 
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group where is a thiocarbonyl group, 

and are both hydrogen atoms, or one of A"* and A^ is a hydrogen atom and the other is a substituted 
or unsubstituted alkylsulfonyl, arylsulfonyl or acyl group, and 

is a group selected from the same range as defined for and may be identical with or different from ; 
5 hydrazine derivatives of the general formula (II): 

11 A^^A^^o ... (II) 

12^C-N-N-C-R^^ 

wherein R^^ and R''^ are independently selected from the group consisting of an alkyl. alkenyl. alkynyl. aryl and 
75 heterocyclic group, 

X^^ is selected from the group consisting of a hydrogen atom, alkyl. alkenyl, alkynyl, acyl. oxycarbonyl, car- 
bamoyl, heterocyclic, cyano. a group having a bonding oxygen atom, a group having a bonding nitrogen atom, and 
a group having a bonding sulfur atom, 

R^3 is selected from the group consisting of a hydrogen atom, alkyl. aryl, heterocyclic, alkoxy, aryloxy, amino 
2o and hydrazine group, and 

A^^ and A^^ are both hydrogen atoms, or one of A'''' and A''^ is a hydrogen atom and the other is an alkyl- 
sulfonyl. arylsulfonyl or acyl group; 
hydrazine derivatives of the general formula (111): 

25 31 32 
R -N ^N-R 

II ... (Ill) 

30 

wherein R^^ is an aliphatic group, 

R^^ is an alkyl. aryl or heterocyclic group having at least one electron attractive or donative group. 
A^^ and A^^ are both hydrogen atoms, or one of A^^ and A^^ is a hydrogen atom and the other is a substi- 
35 tuted or unsubstituted alkylsulfonyl, arylsulfonyl or acyl group; hydrazine derivatives of the general formula (IV): 

A^O-NHNH-R^ (IV) 

wherein A'^^ is a heterocyclic group having at least one sulfur or oxygen atom, and 
40 R^ is selected from the group consisting of a formyl, substituted or unsubstituted acyl. sulfonyl. carbamoyl, 

sulfamoyi, alkoxycarbonyl, thloacyl, and -(C=0)-(C=0)-X^° group wherein is -NR'^^R^^ .qr"^ wherein R^\ 
R'^^ and R^ are independently selected from the group consisting of a hydrogen atom, sutDstituted or unsubstituted 
alkyl. aryl and heterocyclic group, or R"^^ and R^^. taken together, may form a ring with the nitrogen atom, 
hydrazine derivatives of the general formula (V): 



45 



so 



R^— C=C— NHNH— ... (V) 



wherein R^** is a monovalent organic group. 

each of R^^ and R^^ is a hydrogen atom, halogen atom or substituted or unsubstituted alkyl group, 
R^ is selected from the group consisting of a formyl. substituted or unsubstituted acyl. sulfonyl. carbamoyl, 
55 sulfamoyi. alkoxycarbonyl. thioacyl. and -(C=O)-(C=O)-X^0 g^Q^p wherein X^ is -NR^^ R^^ .qr^s therein R^^ . 

R'^^ and R"*^ are independently selected from the group consisting of a hydrogen atom, substituted or unsubstituted 

alkyl, aryl and heterocyclic group, or R^^ and R'*^, taken together, may form a ring with the nitrogen atom. 

polymers having a structural moiety of the general formula (VI): 
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4 



-R^^-C=C-NHNH-R^ ... (VI) 



wherein R^"* is a divalent organic group. 

-io each of R^^ and R^^ is a hydrogen atom, halogen atom or substituted or unsubstituted alkyi group, 

R^ is selected from the group consisting of a formyl. substituted or unsut)Stituted acyl, sullbnyl, carbamoyl, 
sulfamoyl. alkoxycaitoonyl. thioacyl. and -(C=0)-(C=0)-X^° group wherein X'*^ is -NR^''R'*^ or -OR"^ wherein R'^\ 
R'*^ and R^ are independently selected from the group consisting of a hydrogen atom, substituted or unsubstituted 
alkyI, aryl and heterocyclic group, or R^"" and R*^. taken together, may form a ring with the nitrogen atom; 

r5 polymers having a structural moiety of the general formula (Vlt): 

_(r67 . x«°-N-NH— R«5 ■•• ^^^^^ 
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wherein R®^ is selected from the group consisting of a hydrogen atom, formyl. substituted or unsut»stituted acyl, sul- 
25 fonyl, carbamoyl, sulfamoyl. alkoxycarbonyl. thioacyl. and -(C=0)-(C=O)-X^ group wherein X'*^ is -NR'^^R^^ ^ . 
OR"*^ wherein R"*^ , R'^^ and R^^ are independently selected from the group consisting of a hydrogen atom, substi- 
tuted or unsubstituted alkyl. aryl and heterocyclic group, or R"*^ and R^, taken together, may form a ring with the 
nitrogen atom. 

r63 is selected from the group consisting of a hydrogen atom, substituted or unsubstituted acyl, sulfonyl. 
so cartjamoyi, sulfamoyl, and alkoxycarbonyl group. 
R^^ is a divalent organic group, 
X^^ is a phenyl group or pyridine ring, and 

letter m is an integer of 0 to 6; and hydrazine derivatives of the general formula (VIII): 
O ... (VIII) 

R^— NHN^ 

40 ,1 

o 

wherein R^^ is an aromatic group, A^^ is a substituted or unsubstituted aromatic ring, and the carbon atoms of the 
45 two carbonyl groups are attached to different atoms of the aromatic ring. 

2. The photothermographic material of claim 1 wherein the hydrazine derivative is of the formula (I). 

3. The photothermographic material of claim 1 wherein the hydrazine derivative is of the formula (II). 

50 

4. The photothermographic material of claim 1 wherein the hydrazine derivative is of the formula (III). 

5. The photothermographic material off claim 1 wherein the hydrazine derivative is of the formula (VII). 

S5 6. The photothermographic material of claim 1 wherein the reducing agent is a phenol derivative. 

7. The photothermographic material of claim 1 wherein the reducing agent is the compounds represented by the for- 
mulae (R-l) to (R-IV). 
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40 wherein A is a hydrogen atom, alkyi group having 1 to 30 carbon atoms, acyl group having 1 to 30 carbon atoms, 
aryl group, phosphate group or sulfonyl group, 

each of and is a group CH-Re or CH-Re' or a sulfur atom, and n Is a natural number. 
Z forms a cyclic structure and 

each of Ri to R5, Re. Ri' to R5', Re'. R7 to Rio. and to R13 Is a hydrogen atom. alkyI group having 1 to 
45 30 carbon atoms, aryl group, aralkyi group, halogen atom, amino group or a substituent represented by -O-A. with 

the proviso that at least one of Ri to R5, at least one of R^' to R5 . and at least one of R7 to Rio each are a group 
represented by -O-A. and alternatively. Ri to R5. Re. Ri' to Rs'. Re . R7 to Rio. and Ri 1 to R13. taken together, may 
form a ring. 

so 8. The photothermographic material of claim 1 wherein the organic silver salt Is a silver salt of carboxyllc acids. 

9. The photothermographic material of claim 8 wherein the carboxylic add is an aliphatic carboxyllc add. 

10. The photothermographic material of claim 8 wherein the carboxyllc add is an aromatic carboxylic add. 

55 

1 1 . The photothermographic material of claim 1 having a gradient y of more than 5 after heat development. 
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